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An epidemiological survey was conducted among 
athletes of regular upper arm sporting events to 
identify subjects with shoulder impingement syndrome. 
Three hundred and seventy-two individuals responded in 
the survey which revealed the prevalence of shoulder 
related problems amounted to 43.8 percent with pain as 
the main complaint. Athletes with shoulder related pain 
represented 66.8 percent (N = 109) of the syiriptomatic 
population eighty-nine subjects of which had localized 
shoulder pain. 
The incidence of shoulder problems and 
localized shoulder pain is statistically significant 
among the elite athletes when comparing with the 
recreational and full—time participants (P < 0.05). The 
availability of warm-up activities prior training and 
competitions has been proved insignificant (P > 0.05). 
The prevalence of shoulder impingement syndrome 
among elite athletes of regular upper arm sporting 
events can be claimed to be the result of constant 
demand of bringing their arms at or above shoulder level 
to strive for speed and top performance. 
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A non-invasive approach of standardized 
assessment has been derived and the use of numerical 
scores to identify the staging, pain as well as 
functional capability of the affected arm has been 
implemented. Of those athletes identified from the 
epidemiological survey to have shoulder related pain and 
were available for the standardized assessment, forty-
five subjects were confirmed to be suffering from 
shoulder impingement syndrome. 
Twenty-seven athletes (60%) with supraspinatus 
tendinitis underwent an isokinetic evaluation to see if 
their motor performance of reciprocal flexion/extension, 
abduction/adduction and internal/external rotation in 
the affected shoulders had significant difference over 
the unaffected sides. Whether the difference between the 
two shoulders was similar to that of the control 
subjects was another area of concern in this study. 
Results of analysis indicated that there are 
significant difference in all movements parameters 
between the two sides among impingement subjects except 
endurance ratio. In comparing the impingement group with 
the control group, significant difference can only be 
found in endurance ratio in flexion and total work in 
external rotation. 
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In analysing the isokinetic torque graphs of 
the impingement subjects in order to evaluate the motor 
performance of the symptomatic arm, Chi Square is used 
and it is found that the presence of trough at 100° 
flexion and abduction is statistically significant (P < 
0.05). Such finding correlates with the biomechanical 
study which demonstrates that maximal compressive stress 
is found at l O O� i n flexion and abduction, and such 
stress increases with internal rotation and decreases 
with external rotation. 
Despite the absence of the relative muscular 
force acting around the shoulder complex in the cadaver 
and the adoption of the studied position is different 
from the normal functional posture, this study reveals 
the pattern of stress upon the supraspinatus tendon 
during passive arm positioning• 
Elite athletes of upper arm events have greater 
demand for prolonged performance which induce repeated 
"trapping" of the supraspinatus tendon within the 
subacromial space leading to the occurrence shoulder 
impingement syndrome. Further investigation on living 
subjects of the load acting upon this structure may 
enhance the effective use of the upper arm in athletic 
training and the avoidance of such a shoulder problem. 
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CHAPTER I. INTRODUCTION 
1.1 THE SHOULDER COMPLEX 
The upper limbs function, not only in 
activities of daily living , but are also used 
tremendously in occupational pursuits, sports and 
recreational participation. To enable the arm to get 
into various angles in these activities, the different 
components of the shoulder complex contribute certain 
degrees of movement. Of the many articulations around 
this region, the glenohumeral joint (GH joint) enjoys 
maximal flexibility. Meanwhile, quite a number of 
muscles function to bring about different joint ranges 
with the rotator cuff providing both mobility and 
stability for the GH joint. 
The rotator cuff is comprised of four muscles 
of which the supraspinatus receives most complaint since 
it passes in close proximity to the undersurface of the 
bony roof formed by the acromion and the coracoacromial 
ligament. With the upper arm elevated at or above 
shoulder level, impingement of this structure is likely 
to occur between the acromion and/or coracoacromial arch 
from above and the greater tuberosity of the humerus 
below (Neer 11 1983). 
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Moseley (1963), Rothman and Parke (1965) 
reported that there is a "critical zone" at the 
supraspinatus tendon where the vasculature of this 
structure will be affected during movement. Chronic 
irritation of this poorly vascularlized region may lead 
to an inflammatory response which in turn cause 
tendinitis (Hawkins and Kennedy 1980) . With 
inflammation, there will be swelling and thickening of 
the cuff tendon and thus the efficient passage of this 
structure through the subacromial space will be 
hampered. 
Physiological research has reported that the 
development of neurons and axon fibres in the left 
hemisphere of the cerebral cortex is more pronounced 
than the opposite half meaning that the co-ordination of 
the right upper arm is more skillful than the left 
side (Guyton 1971) . Co-ordination in this situation 
refers to efficiency in the usage of the hand and, as a 
result of more activities involved, the development of 
muscular power and endurance should be better than the 
contralateral side where the demand for activity is 
lower. 
According to Hogfors et al (1987) there are two 
types of constraining forces available in the shoulder 
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joint apart from forces exerted by the muscles. These 
are forces in ligaments and joint contact forces through 
the spherical center of the humeral head against the 
adjacent structures. 
Inman et al (1944) and Poppen and Walker (1978) 
calculated that the maximum compressive joint force of 
the shoulder at 90^ of abduction was close to body 
weight. These authors broke down the forces acting at 
this complex into : 
a/ forces which include muscle forces, joint contact 
forces, ligament forces and other constraining 
forces which are assumed to be frictionless, 
b/ mass of the upper arm, 
c/ mass of the lower arm, and 
d/ mass of the hand. 
1.2 REACTIONS OF OVERUSE 
The muscles around the shoulder complex work in 
force couples during all movement excursions (Perry 
1983, Ellenbecker and Derscheid 1989). Most upper arm 
activities involved in sport direct tremendous stress on 
specific muscle groups thus producing a relative 
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imbalance between the agonists and antagonists. Weakness 
in any one component, or its inability to exert maximal 
output, may cause further biomechanical imbalance which 
may lead to overuse or stress problems around this 
region (Ciullo and Stevens 1989). 
Athletes usually participate in training or 
competition for prolonged periods. The repeated use of 
their upper arms especially when involved in overhead 
movements, will transmit considerable strain to the 
structures around the shoulder region. As a result of 
this repetitive microtrauma, the supraspinatus tendon is 
commonly affected triggering off an inflammatory 
response. Many researchers claim that the various 
athletic activities demanding repetitive use of the 
upper arm may give rise to degenerative changes (Ciullo 
1986, Nirschl 1986). Different stages of impingement 
lesions have been reported in individuals who have to 
use their upper arms at/or above shoulder level for 
prolonged periods and such a problem is more commonly 
found in athletes (Hawkins and Hobeika 1983, Neer II 
1988, DeBenedette 1989). 
Tendons function to transmit forces from muscle 
to bone. Curwin and Stanish (1984) pointed out that 
tendons can withstand tensile and shearing forces but 
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provide little resistance to compressive forces. 
Athletes involved in training and competitions 
repeatedly bring their upper arms above shoulder level 
exerting tremendous forces through the arms which in 
turn transmits them onto the soft structures. This 
overuse with continuous or abrupt force transmission 
upon the tendon will be responsible for adverse 
reactions such as inflammation (Harvey 1983). Meanwhile, 
there are many other overuse injuries among athletes and 
they are mostly soft tissue in nature. Repeated strain 
upon a tendon may cause the cross-links within the 
collagen fibres to break and further shearing force may 
induce damage at the microscopic level (Renstrom and 
Johnson 1985). Clancy (1982) pointed out that collagen 
failure may occur as a result of repetitive loading of 
the tendon similar to that of a stress fracture 
occurring in bone. 
The shoulder is subjected to more frequent use 
in forward flexion during which the supraspinatus tendon 
passes under the anterior edge of the acromion. Kerr 
(1987) reported from his radiological case study that 
impingement syndrome occur with bony contact between the 
greater tuberosity and the undersurface of the acromion 
while Nash (1988) claimed that excessive stress and 
overload of the musculotendinous unit may cause rotator 
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cuff injuries. Repeated microtrauma to this structure, 
particularly upon the poorly vascularized zone, may 
result in granulation reaction which in turn will cause 
fraying of the tendon which may rupture under stress 
(Nixon and Distefano 1975). 
1.3 CONTROVERSIES 
Differences always exist in muscular 
performance between athletes and such discrepancies vary 
according to a number of factors such as sport 
activities involved, preferred hand, participant's size, 
age and sex (DeHaven and Lintner 1986). The norms we use 
for reference are generally calculated from the majority 
of the population and it is accepted if the measured 
values fall within two standard deviations of the mean 
(Grace 1985). 
Various studies have reported that there is no 
significant difference in strength between the dominant 
and non-dominant shoulders of athletes (Ivey et al 
1985). Their study was supported by Murray et al (1985) 
who reported that arm dominance did not significantly 
affect strength values. Alderink and Kuck (1986) studied 
and compared the shoulder strength of 26 high school and 
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college-aged pitchers and concluded that no consistent 
difference existed between dominant and non-dominant arm 
strength except in adduction and extension. Connelly 
Maddux et al (1989) reported that no statistical 
difference was found in muscular performance between 
dominant and non-dominant shoulders. 
On the other hand, Perrin et al (1987) found 
that apart from extension and internal rotation, all 
other movements in the shoulder region were the same 
with no significant differences. They reported that 
greater peak torque values were collected from the right 
side while the values for internal rotation were also 
slightly higher than the opposite side with pitchers 
ranking higher than swimmers and non-athletes. They 
further supported Yocum's comment (1983) that in certain 
athletes, like pitchers who required bilateral 
asyinmetrical neuromuscular adaptation for their sport 
performance, development of strength might reflect more 
pronounced extremity dominance. 
Brown et al (1988) conducted isokinetic 
assessment of different upper extremity movements and 
reported from their study that greater torque was 
produced by the dominant arms compared with the 
non-dominant arms at all speeds. 
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In the recovery of musculoskeletal complaints, 
Chard (1988) reported that non-dominant arm involvement 
and overuse due to sport or hobbies would have more 
favourable outcome since the specific causes could be 
avoided. 
1.4 THE CYBEX II ISOKINETIC DYNAMOMETER 
This isokinetic device has gained increasing 
acceptance in the measurement of muscle performance 
since it provides a high degree of quantification 
(Moffroid et al 1970, Ivey and Calhun 1985, Alderink and 
Kuck 1986, Sullivan et al 1988, Brown et al 1988, 
Montgomery et al 1989, Connelly Maddux et al 1989). 
One of the unique features of this device is 
its accommodating resistance which is always 
proportional to the amount of muscle force exerted. 
Skeletal muscles usually work to their maximal capacity 
at the middle of their movement excursions. With the 
accominodating resistance generated by this isokinetic 
device, it will offer greatest resistance in the mid 
range where higher force is generated (Burnie and Brodie 
1986). Since resistance never exceed the working force 
of the contracting muscle, it is a safe testing and 
I 
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training device which allows iminediate cessation of 
activity in the case of pain or fatigue. 
Apart from this, the velocity of the movement 
to be assessed can be predetermined, and the number of 
repetitions to be performed and the movement ranges to 
be covered can be preset enabling the design of 
assessment or treatment protocol for specific 
conditions. 
Not only does this computerized equipment 
provide a detailed and accurate profile of the 
activities of the muscle group including the measurement 
of maximum dynamic strength (the peak torque) 
throughout its entire range of motion and the endurance 
of that particular movement, it can also be used as a 
diagnostic tool to identify the fatigue behaviour of a 
specific muscle group. 
1.5 OBJECTIVES 
Complaints of shoulder related pain are very 
common among athletes involved in different sporting 
activities. An accurate yet non-invasive technique of 
diagnosis would encourage earlier intervention since the 
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fear of undergoing drastic assessment procedures may 
prevent athletes from seeking help. Further 
understanding of the behaviour of the motor performance 
of athletes suffering from shoulder impingement syndrome 
(S.I.S.) can facilitate the prevention and treatment of 
such conditions. More comprehensive infoirniation on the 
biomechanics of the supraspinatus tendon during its 
passage through the subacromial space will be a vital 
component in the management of such cases. This study 
was therefore conducted with the following objectives: 
1.5.1 To identify the prevalence and frequency of 
shoulder impingement syndrome among the Chinese 
athletic population -
The incidence of shoulder impingement syndrome 
has been claimed to be higher in some sporting 
activities than another (Chinn et al 1974, Ciullo 1986 
and Winge et al 1989). Such information basically came 
from case reports or reviews. Similar survey among the 
local Chinese athletic population would be of help to 
identify the prevalence of such a musculoskeletal 
problem so that more effective treatment and preventive 
measures can be designed. The injury profile and the 
history of participation prior to the onset of S.I.S. 
among various sporting activities in the local 
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population are therefore useful information. It may be 
tempting to conclude that the dominant arms are more 
prone to this condition than the non-dominant side, or 
male athletes are at a greater risk than the female. It 
will also be interesting to identify whether such 
lesions are related to any repetitive minor episodes of 
trauma. 
1.5.2 To develop a standardized assessment approach 
for the identification of subjects with 
shoulder impingement syndrome -
Pain in the shoulder during a movement arc is 
both annoying and disabling since this hampers the 
affected extremity during its usual activities. On the 
other hand, it may confuse the diagnosis since the 
structures involved may include the rotator cuff, the 
subacromial bursa, the tendon of the long head of biceps 
or the synovium of the glenohumeral joint. There have 
always been doubts as to whether painful shoulder 
movements can be accurately labeled as S.I.S.. 
1.5.3 To evaluate various parameters of athletes with 




The presence of pain within or around a joint 
may preclude its normal function. Whether the 
performance of the affected arm in the impingement 
subject will be different from that of a normal subject 
will be of interest to know. Should impingement pain 
have induced certain changes in the muscular performance 
around that articulation, muscle imbalance might occur. 
The extremity thus involved may be more prone to joint 
or soft tissue injury ； and conversely, if such an 
imbalance were promptly identified and improved, the 
incidence of any possible injuries could be avoided 
(Simons et al 1982) . Evaluation of the muscular 
performance with quantitative and qualitative assessment 
tool is therefore essential in identifying problems and 
arresting the complications thus associated. 
1.5.4 To identify the movement angle with maximal 
compressive stress within the subacromial space 
and to correlate this with the behaviour of 
isokinetic performance -
One of the objectives of this study is to 
compare the behaviour of muscular performance (the 
isokinetic graphic print-outs of impingement subjects) 
with the result of the biomechanical study. It is 
anticipated that troughs will be identified at certain 
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point of the movement excursions closely relating to the 
angle of maximal compressive stress thus recorded. 
1.6 METHODOLOGY 
1.6.1 Epidemiological survey -
In order to have a more comprehensive profile 
of the prevalence of S.I.S. among the Chinese athletic 
population, an epidemiological survey has been conducted 
among local athletes of upper arm events and related 
personnel. It is anticipated that athletes with shoulder 
pain complaints can be identified so that further 
confirmation of their symptoms can be carried out at a 
later stage. Also, the information gathered from this 
survey may be of use in the prevention of such 
conditions and planning of appropriate management. 
Such an endeavour has also been designed to 
look for solutions on whether the dominant side is more 
prone to impingement syndrome or whether it is more 
tolerant than its opposite side in certain sporting 
activities such as rowing, swimming, or volley ball 
where both upper extremities are used in a similar 
pattern of movement and have equal muscular demands made 
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upon them. 
1.6.2 Standardization of assessment -
In order to give an accurate diagnosis of the 
painful shoulder with regard to the structures that are 
involved and to the severity of pain and disability, a 
standardized assessment/evaluation approach has been 
adopted. Furthermore, a specific scoring system has been 
developed to categorize shoulders with impingement 
syndrome and to evaluate the efficacy of treatment 
regimes. It is anticipated that a general consensus can 
be reached among all clinicians and correlation with 
other objective studies can be drawn. 
1.6.3 Isokinetic evaluation -
Apart from using a scoring system of numerical 
units to indicate the stages of condition or the 
severity of symptoms for those who are involved in the 
inanageinent process, the isokinetic dynamometry, the 
Cybex II (Cybex, Division of Luinex, Inc. , Ronkonkoma, 
New York) has been employed to study whether there is 
muscle imbalance or significant weakness due to pain or 
other symptoms in certain movements in the upper limbs. 
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1.6.4 Biomechanical study -
A study on fresh cadavers has been carried out 
to explore the range of stress during shoulder flexion 
and abduction and to establish if the symptoms are 
entirely the result of stresses within certain movement 
arcs. 
1.7 SCOPE 
The whole study has been designed to identify 
subjects with S.I.S. among the local Chinese athletes 
participating in different upper arm events, followed by 
an isokinetic evaluation in order to gather information 
relating to the muscular performance of the affected 
shoulders. The performance pattern thus collected will 
be further used to compare with the findings obtained 
from the biomechanical study. 
The resource of this subject pool is from the 
Jubilee Sports Centre, Shatin. The age of the population 
is categorized into groups below 25, 25 to 40, and above 
40. The size of the population is determined by the 
availability of athletes, training sessions and 
competitions during the time I was stationed at the 
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above centre. Fifty—nine subjects had been identified as 
suffering from S.I.S.. Out of the forty-five athletes 
who were available for the isokinetic evaluation, only 
twenty-seven subjects could complete the test for three 
movements done at two different speeds. 
As for the biomechanical study, the 
availability of appropriate specimens was determined by 
many factors which were beyond my control. A total of 
eight shoulders from four fresh cadavers were studied. 
The different stages of this project are 
illustrated below in Figure 1.1, while the objectives of 
such endeavours are tabulated in Table 1.1 respectively. 
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Epidemiological Survey 
(Chinese athletes of upper arm sporting events) 
I 
I' 
Standardization of Assessment 
(subjects with undefined shoulder pain) 
V 
Isokinetic Evaluation 
(athletes identified with S.I.S.) I I Muscular performance Troughs identified 
\ I 
\ Biomechanical Study 
\ (fresh cadavers) 
\ / 
Conclusions 
Figure 1.1 - Different stages of work 
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OBJECTIVE METHODOLOGY 
一 To investigate the Epidemiological 
prevalence of shoulder survey 
pain among athletes 
- T o categorize S.I.S. Standardization of 
from other shoulder assessment 
pathology 
一 To identify behaviour Isokinetic 
of shoulder performance evaluation 
parameters 
- T o identify shoulder Biomechanical 




- T o correlate pain and Statistical analysis 
inability to produce of results from 
maximal torque with isokinetic and 
angle of maximal biomechanical 
compressive stress studies 
Table 1.1 - Objectives and methodology 
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1.8 DEFINITION OF TERMS 
GH joint - Glenohumeral joint. An articulation within 
the shoulder complex, formed by the head 
of the humerus and the glenoid of the 
scapula. 
S.I.S. - Shoulder Impingement Syndrome. A condition 
during which a painful arc is experienced 
on performing forward flexion, lateral 
abduction and/or external rotation of the 
shoulder. The structures involved being 
the supraspinatus tendon and subacromial 
bursa. 
P-T. 一 Peak Torque. The maximum torque generated 
in a single contraction. 
E.R. - Endurance Ratio. The ratio that occurs as 
the muscle exercises and fatigues. This is 
calculated as the percentage change from 
the beginning to the end of the test. 
T.W. - Total Work. The total volume of work 
calculated as the cumulative value of the 
twenty-five repetitions done at I80O per 
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second. 
PK TAE - Peak Torque Acceleration Energy. The 
amount of energy expended or work 
performed during the first one-eighth of a 
second of torque production. 
Trough 一 A dip along the line of a torque graph. 
This is a point lower than the two 
adjacent sides. To define it to be 
significant, the depth of the trough 
should be equal to or more than the 
distance between the two adjacent points. 
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CHAPTER II. LITERATURE REVIEW 
2.1 FUNCTIONAL ANATOMY OF THE SHOULDER COMPLEX 
The upper arm being a complicated functional 
unit is required to move into various directions in 
different planes. The proximal articulation is usually 
referred to as the shoulder complex which is made up of 
five joints: the sternoclavicular joint (SC joint), the 
acromioclavicular joint (AC joint), the subacromial 
joint, the glenohuineral joint (GH joint), and the 
scapulo-thoracic articulation. The summation of the 
movement involved in all these joints is essential for 
the full function that this complex enjoys. 
Although the upper limb is not designed for 
weight bearing, tremendous loads are applied to the 
articular structures and neighbouring soft tissues 
during daily function as well as in athletic 
performance. Apart from its own weight which creates a 
gravitational force of about five percent of the body 
weight (Matsen 1980), the upper arm has to function as a 
long lever in order to fulfill the many daily 
activities. To meet the demands required in these 
activities, those muscles with comparatively short 
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levers acting over the GH joint have to contract 
accordingly thus producing tremendous forces which are 
directed onto the articular surfaces.�nman et al (1944) 
calculated that the elevating force reached 8.2 times 
arm weight at the 90^ position. The corresponding 
compressive force on the GH joint was 10.2 times arm 
weight. Poppen and Walker (1978) reported that joint 
compression was 89 percent of body weight at 90O, 
dropping to 40 percent with the arm elevated to 150O. 
2.1.1 The glenohumeral joint 一 
The GH joint is the most mobile articulation 
within the shoulder complex (Figure 2.1). 
鋼 
D 
Figure 2.1 - The GH joint and other articulations 
of the shoulder complex (from De Palma A.F. 1983) 
I 
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This multiaxial, ball and socket, synovial 
joint is made up of the head of the humerus in the form 
of a convex articular surface on one side, while the 
glenoid fossa which is a bony and soft tissue socket 
forms the opposite component deepened by the glenoid 
labrum. 
2.1.2 Mobility of the glenohumeral joint -
The fact that the GH joint has a large 
hemispherical component much larger than the socket with 
which it articulates allows a wider range of movements 
than in any other joints. Besides this fact, the 
following factors contribute to the intense mobility in 
this articulation: 
a/ the projection of the joint to the antero-lateral 
aspect of the trunk, 
t)/ the shallowness of the glenoid cavity, 
c/ the laxity of its articular capsule, 
d/ the spontaneous movements taking place in other 
articulations of the shoulder complex, 
e/ movements of the spine further extending the 
positions available to the humerus. 
Of the free mobility that the shoulder complex 
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enjoys, the majority of the ranges required in our daily 
activities come from the GH joint. since all the 
prominences around the upper end of the humerus, with 
all their soft structure attachments, and the anatomical 
neck being so exposed, there is virtually no protective 
interval to minimize bony impingement. Abduction 
(lateral elevation) in neutral rotation is limited to 
1 1 2� b y impingement of the greater tuberosity on the 
acromion as these two bony prominences lie in the same 
plane. However, this is usually compensated for by the 
external rotation of the humerus which turns outward 
almost simultaneously thus allowing full lateral 
elevation (Perry 1983). 
The normal range of arm elevation (flexion in 
the sagittal plane and abduction in the coronal plane) 
is about 1680 for men and about 1750 for women 
(Freedman and Munro 1966). This arc is accomplished 
through a rhythmical combination of glenohumeral and 
scapular rotation that approximates a 2:1 ratio (Inman 
et al 1944). 
2.1.3 Stability of the glenohumeral joint — 
The stability of a joint depends on three basic 
elements, namely, the bony architecture, the static 
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support from the capsular-ligamentous structures as well 
as the dynamic stabilizing mechanisms offered by the 
periarticular musculature. Since the GH joint is 
designed more for mobility than stability, it relies 
very much upon the static as well as dynamic mechanism 
to keep the two articulating surfaces against each other 
during any movement arc. Structures contributing to its 
static stability include: 
- the glenoid labrum 
-the coracoacroinial ligament 
一 the coracohuineral ligament 
一 the joint capsule 
- t h e anterior tilt of the glenoid fossa and posterior 
tilt of the humeral head 
The ligaments supporting the dependent arm are 
protected from excessive strain by muscle action and as 
a result the vertical pull is compensated by increased 
joint compression. Its dynamic stability relies on the 
perfect synergism of all the periarticular musculature. 
In particular, the rotator cuff muscles which pass from 
the scapula to the tuberosities of the humerus forming a 




2.1.4 The subacromial space -
This interval is formed by the coracoacromial 
ligament which joins the coracoid process and the 
acromion of the scapula above, the tuberosities and head 
of the humerus below. A subacromial bursa is situated at 
the intervening space adjacent to the greater humeral 
tuberosity where the cuff tendon inserts (Figure 2.2). 
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Figure 2.2 - The subacromial interval 
(from Peat M. 1986) 
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Upward migration of the humeral head is 
limited by the acromion and the coracoacromial ligament. 
The tendon of the long head of the biceps that runs over 
the humeral head and downward along the bicipital groove 
further checks any displacement. 
This space is in no way consistent and it decreases 
as the arm is moving from the dependent position towards 
elevation. Lucas (1973) in his study found that the 
average space among 60 asymptomatic specimens varied 
between seven to fourteen millimetei: with a mean of 
9+1.7itiin. However, he had not measured the thickness of 
the soft tissues traversing this space. 
2.1.5 Bursae around this region -
There are a number of synovial -1 ined sacs 
situated about the shoulder region but only the large 
subacromial (or subdeltoid) bursa has clinical 
significance. In the normal shoulder this bursa enables 
the cuff and Mceps tendon to glide smoothly between 
their bony boundaries during flexion, abduction and 
rotation of the arm. 
30 
2.1.6 Shoulder musculature 一 
The muscles that cross the shoulder joint and 
contribute to movements can basically be divided into 
three groups (Inman et al 1944, Ellenbecker and 
Derscheid 1989): 
(a) The scapulohumeral group -
These muscles attaching from the scapula to the 
humerus include the rotator cuff muscles, deltoid, 
teres major, and coracobrachialis• 
(b) The axioscapular group 一 
The muscles in this group come from the trunk and 
attach to the scapula. They include the trapezius, 
rhomboids, serratus anterior and levator scapulae. 
(c) The axial-humeral group -
The muscles attaching from the trunk to the humerus 
compose of the pectoralis major and latissimus 
dorsi. 
2.1.7 The rotator cuff -
The rotator cuff is comprised of the 
subscapularis, supraspinatus, infraspinatus and teres 
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minor all tendons of which blend with the GH joint 
capsule. All four cuff muscles contribute to joint 
compression throughout the range of arm elevation with 
the supraspinatus providing the major force. 
2.1.8 The supraspinatus -
This muscle arises from the medial two-third of 
the supraspinous fossa of scapula running laterally and 
downward, passing under the acromial arch and directly 
over the glenohumeral joint inserting to the superior 
facet of the greater tubercle of the humerus as well as 
the joint capsule (Figure 2.3). 
Coracoacromia1 arch 
S process 
Z \ S l m ill , B. Partial elevation 
A. Neutral position 
Figure 2.3 - The supraspinatus (from Watson M. 1989) 
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The supraspinatus functions to provide both 
mobility and stability for the GH joint and it is in 
close proximity to the undersurface of the acromial arch 
(Simon and Hill 1989). It initiates abduction in the GH 
joint. While the deltoid contracts to bring about GH 
joint abduction the force of which tends to displace the 
humerus upward vertically, the supraspinatus helps to 
maintain the humeral head against the glenoid (Watson 
1989) . The other cuff muscles (infraspinatus, teres 
minor and subscapularis) at this point also contract 
producing a force to pull the humeral head in a caudal 
direction. The resultant force of such muscle work then 
produces a force couple functioning to maintain the 
limited interval between the humeral head and the 
acromial arch (Perry 1983, Ellenbecker and Derscheid 
1989). 
Cadaveric study on the microvascular anatomy of 
the supraspinatus tendon reported that there is a 
relative avascular area near its insertion (Moseley 
1963, Rothman 1975). The vasculature of this structure 
is significantly affected by movement since this is 
very prone to having the blood supply wrung out or 
compressed when the upper arm is in adduction with 
internal rotation or when it is fully elevated (Rathbun 
and Macnab 1970, Simon and Hill 1989). This is further 
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supported by Neer II (1983) who pointed out that when 
the arm is raised, the supraspinatus would pass right 
under the anterior edge of the acromion and the 
acromioclavicular joint. The critical area for wear on 
the humeral side is centered on the supraspinatus 
tendon. 
2.2 Shoulder impingement syndrome 
The flexibility of this ball and socket joint 
with its bony and ligamentous roof above makes it very 
susceptible to problems of repetitive strain. On the 
other hand, most athletic activities have a high demand 
on the positioning of the shoulder girdle and their 
muscular output in turn exerts tremendous stress on the 
subacromial structures as well as upon the joint (Perry 
1983). Athletes tend to drive for maximum performance 
thus straining their arms at extremes of joint range 
repeatedly or for prolonged periods. Repetitive stress 
may lead to microtrauma and subsequently this may 
trigger off the inflainmation process (Herring and Nilson 
1987). Since there is limited space available for the 
supraspinatus to pass beneath the unyielding 
coracoacromial arch formed by the anterior acromion and 
the coracoacromial ligament, impingement may result if 
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there is hypertrophy or local inflammation of the 
musculotendinous structures at this point, or if the 
space available is diminished as a result of 
degeneration or osteophyte formation rendering further 
compromises of the space (Hawkins and Hobeika 
1983)(Figure 2.4). 
LX\\IX 
Figure 2.4 - Mechanism of inducing lesion in the 
supraspinatus tendon (from William and Sperryn 1982) 
With impingement syndrome, the shoulder is 
fully mobile both actively and passively, with no 
weakness. Pain is felt only during part of the excursion 
(Hawkins and Abrams 1987, Watson 1989). A "painful arc" 
of abduction or forward elevation between 60 and 120 
degrees is typical (Kessel and Watson 1977, Penny and 
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Welsh 1981). Some claimed that the painful arc were 60°-
120O for abduction, 70O—120O for forward flexion and 
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Figure 2.5 - The painful arc (from Kessel L. 1986) 
Pathological conditions that interfere with any 
one of the components of shoulder motion would likely 
disturb the normal function of the complex. Neer 11 
(1983) believed that 95 percent of the tears of the 
rotator cuff were initiated by impingement wear rather 
than acute trauma. 
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2.2.1 Pathological changes -
Pain in the shoulder is the most common 
complaint among regular sports participants (Yocum 
1983 ), and it can be divided into two distinct 
categories: those with and without trauma. Among the 
first group, individuals may only experience a single 
injury while others may sustain repetitive trauma 
encountered in various activities such as in sport and 
occupational pursuits. 
Pain of intrinsic origin may arise from 
structures forming the joint such as bone and soft 
tissues. On the other hand, pain may arise from 
extrinsic origin being referred from the neck or chest, 
or may be secondary to other problems like poor posture 
or thoracic outlet syndrome. Therefore, the assessment 
approach has to be very specific in order to rule out 
misleading possibilities. For this reason, accurate 
diagnosis is essential and a standardized approach in 
assessment will facilitate the joint effort of all 
clinicians. 
2.2.2 Classifications -
Clinically, shoulder impingement lesions can be 
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divided into three stages with different degrees of 
symptoms and physical signs. Pain, crepitation, weakness 
and the presence of a painful arc are the usual 
complaints. Neer II (1983 ) made a very specific 
classification which has been adopted by most 
clinicians: 
Stage 1 Oedema and hemorrhage -
Usually these are the results of excessive 
overhead use of the arm in sport and work. This is 
most often encountered in patients who are under 25 
years of age and the lesion is fully reversible, 
responding well to conservative treatment. 
Stage 2 Fibrosis and tendinitis -
The subacromial bursa becomes fibrotic and 
thickened due to repeated episodes of mechariical 
inflammation. This lesion is commonly found in 
athletes between 25 to 40 years of age. They can 
tolerate light activity but vigorous overhead use of 
their shoulders will become symptomatic. Surgical 
treatment is usually considered when symptoms still 
persist after 18 months of conservative management. 
Stage 3 Tear of the rotator cuff, biceps ruptures, and 
bony changes -
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with further impingement, all symptoms in 
stages 1 and 2 are present and there may be bony 
alterations at the anterior acromion of the scapula 
and greater tuberosity of humerus. Patients are 
usually over 40 years of age and they generally 
complain of more severe pain and stiffness. 
Treatment at this stage has to be more aggressive. 
2.2.3 Identification of the lesion 一 
To distinguish the impingement pain from other 
shoulder pathologies, injection of 3 to 10 milliliter 
of 1 percent Xylocaine into the most tender area beneath 
the anterior acromion is commonly carried out (Neer II 
1983). Marked diminution in the severity of the symptoms 
together with the abolition of local tenderness and, in 
particular, loss of the painful arc during abduction, 
is accepted as evidence of the painful lesion (Kessel 
and Watson 1977). 
2-3 FORCES UPON THE SUPRASPINATUS TENDON 
The descriptive kinematics of the shoulder are 
largely unknown and calculations of compressive forces 
at this region vary tremendously among investigators who 
I 
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mainly evaluate the joint contact forces (Poppen and 
Walker 1978, Michaud et al 1987). Since the rotator cuff 
plays an important role in the stabilization of the 
humeral head against the glenoid fossa and in all 
shoulder movements, a good understanding of the load on 
the tendon of the supraspinatus will be of great help in 
the management of problems arising from it. 
Isokinetic studies may be able to reveal forces 
and torques produced by the musculature around the 
shoulder complex while performing different movements 
(Elliott 1978, Ellenberker et al 1988, Hinton 1988 and 
Gerdle et al 1989), but quantitative information about 
the stress applied upon this soft structure during its 
passage through the bony arch is lacking. Besides, 
individuals with shoulder impingement syndrome usually 
complain of pain during part of the different shoulder 
ranges which are in fact at the point of maximal 
narrowing of the subacromial space or during actual 
contact of the humeral head against the acromion. It is 
therefore interesting to explore the range of stress at 
this region during such movement arcs and to find out if 
the symptoms are entirely the result of such stresses. 
The deltoid works in harmony with the rotator 
cuff muscles during shoulder abduction. The forces of 
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these muscles act in different directions to provide a 
more constant center of rotation (Bechtol 1980, Peat 
1986). The supraspinatus initiates abduction and it 
functions with other cuff muscles to depress the head of 
the humerus against the glenoid as soon as the deltoid 
starts to contract pulling the head more proximal thus 
reducing the subacromial space (Ciullo and Stevens 
1989). 
Michaud et al (1987) did a study in living 
subjects with supraspinatus tendinitis to assess the 
e1ectromygraphic (EMG) activity of the middle part of 
the deltoid and of the supraspinatus muscle at angles of 
0° and 450. Their results indicate that the EMG activity 
in the deltoid decreases as the arm abducts from 3 0O to 
450. They postulated that this is a compensatory 
mechanisin to prevent undue compression of the 
supraspinatus tendon between the humeral head and the 
acromion,, and such compressive force may increase as the 
shoulder abducts further. 
Jarvholm et al (1988) reported from their study 
that arm elevation may lead to a "high local muscle 
load" in the supraspinatus muscle. The intramuscular 
pressures increase significantly when the arm is 
abducted to 90°. No similar studies have been conducted 
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to investigate the compressive load on the tendon of 
this muscle and whether or not an identical pattern of 
stress is found on the structure within the subacromial 
space remains unknown. It may be informative and of 
interest to explore further in these aspects. 
I 
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CHAPTER III. METHODOLOGY 
In order that appropriate subjects for the 
isokinetic assessment could be obtained, a survey was 
conducted among the local regular sports participants to 
identify those with shoulder pain complaints. Those 
respondents with shoulder pain were further assessed by 
a standardized assessment procedure so that only 
athletes with S.I.S. underwent the isokinetic 
evaluation. To have a clearer understanding of the motor 
performance during which there are movement angles with 
symptomatic complaints, a bioinechanical study was 
conducted on fresh cadavers to see if the angle of 
maximal compressive stress correlate with the trough 
reflected in the isokinetic study. 
3.1 EPIDEMIOLOGICAL SURVEY 
This was designed and conducted to collect data 
relating to the prevalence and frequency of S.I.S. among 
different athletic groups that demanded vigorous upper 
arm activities. 
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3.1.1 Design of questionnaire — 
The questionnaire consisted of four segments. 
The first part included demographic data (age, sex, 
height, weight, hand dominance and occupational 
background). The second segment dealt with sport 
participation data (event, nature of involvement and 
their frequency). The third part looked for general 
performance while the last segment tackled related 
shoulder problems (Appendix 3.1). 
Under the heading of personal data, emphasis 
had been stressed on dominant and non-dominant sides 
involvement. The age grouping was arranged into three 
main categories i.e. below twenty-five, between twenty-
five and forty, and above forty as were cominonly adopted 
by many authors (Hawkins and Kennedy 1980, Neer II 1983, 
Misamore and Hawkins 1984). 
In order to avoid any bias or mis-
interpretation of questions and to cut down the filling 
time for the studied population to a minimum, the 
questionnaire included mostly close-ended questions and 
only a tick was required to indicate against the most 
appropriate options of responses for each question. 
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3.1.2 Pilot study -
A pilot study was carried out among 
physiotherapy students in the Hong Kong Polytechnic to 
collect similar informations in order to find out 
whether the format was effective in obtaining all 
relevant answers. Some areas within the content were 
improved and the revised version was prepared 
bilingually. The completed format was a three-page 
version. 
Forty-eight questions had to be responded to 
for those subjects with shoulder problems and had had 
previous injuries, while those who were symptom free 
only had to respond to thirty-five questions. The entire 
questionnaire could be completed in 7 to 10 minutes. 
3.1.3 Survey -
The subjects of this study were limited to 
competitive and regular recreational athletes who 
participated in vigorous upper arm organized sporting 
activities. They either had regular sports commitments 
within their work situation (physical education teachers 
or instructors) or they had regular training or 
competition in sport activities (district or college 
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representatives). 
Since impingement syndrome was more commonly 
seen amongst those who had prolonged repeated upper 
extremity activities at or above shoulder level, 
athletes of badminton, basketball, gymnastics, squash, 
swimming, table tennis, tennis, field events and volley 
ball were approached. Jubilee Sports Centre in Shatin 
became the main resource centre since most of this study 
population was available there. 
The survey was conducted at the sports field 
where the athletes trained and/or had their 
competitions. The questionnaires were distributed 
either before the actual activity or during recesses. 
They were completed on site and were returned 
immediately afterwards. Equal number of visits were 
arranged for different sports in order that sufficient 
number of athletes at each upper arm sport were 
studied. The response rate of the questionnaire was a 
hundred percent since the study had gained excellent co-
operation both from the coaches or trainers, as well as 
from the athletes themselves. The chances of losing the 
forms through mailing and any non-responses were thus 
avoided. 
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3.2 STANDARDIZATION OF ASSESSMENT 
A set of specific tests were adopted to assess 
individuals with shoulder complaints so that those with 
S.I.S. could be identified accurately. Such procedures 
were then used to diagnose individuals from the survey 
who reported with a painful arc during shoulder 
movements. Those who were thus confirmed to be suffering 
from supraspinatus tendinitis would be classified into 
different stages according to age group, severity of 
pain and performance of their daily and/or sporting 
activities. 
3.2.1 Specific tests -
In order to identify whether the painful arc 
occurred as a result of the impingement of the 
supraspinatus tendon, routine tests and manoeuvres to 
exclude various other structures around the shoulder 
were included in the objective assessment: 
(a) Resisted movements (Cyriax 1984)-
Since all the muscles functioning to perforin 
shoulder and elbow movements are contractile structures, 
manually resisted shoulder abduction, adduction, 
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internal rotation, external rotation, and elbow flexion 
are carried out to assess pain response. In the case of 
pain being elicited as a result of static contraction 
against the operator's resistance, the source giving 
rise to such symptoms can be traced accordingly. When 
resisted abduction test is positive , either 
supraspinatus and/or deltoid may be affected (Rocks 
1979, Brunet et al 1982, Yocum 1983). Further assessment 
procedures will be carried out to look for the involved 
structure. 
(b) Impingement test (Neer II, 1983)-
This is used to determine if the problem mainly 
arises from the inflamed supraspinatus tendon. The 
subject is either seated or on his/her feet, and the 
examiner stands beside him stabilizing the affected 
shoulder with one hand to prevent scapular rotation 
while the other hand raises the patient's affected arm 
in forced forward elevation to 180O. The test is 
considered positive when the patient experience pain as 
the humeral head passes through the arc and is forced 
against the acromion compressing the supraspinatus 





Figure 3.1 - Impingement test 
(c) Empty can test (Brunet et al 1982, Hawkins and 
Hobeika 1983)-
The subject undergoing the test either stands 
or sits upright. He is then instructed to abduct the 
affected arm to 90O keeping the elbow straight before 
bringing the arm into 45° forward flexion. Active 
internal rotation is then attempted. The forcible 
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internal rotation of the shoulder drives the greater 
tuberosity further under the coracoacromial arch so that 
the area of impingement is in direct contact with the 
coracoacroinial ligament. The test is considered positive 
when the comparable pain is elicited (Figures 3.2, 3,3). 
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Figure 3.2 - Starting position for Empty Can test 
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Figure 3.3 - Empty Can test 
To rule out complications that may have come 
from other neighbouring structures, the following tests 
will be carried out routinely: 
(d) Test for a complete tear of the supraspinatus 
tendon ("drop arm test ••) (Booth and Marvel 1975) _ 
The examiner passively brings the patient's 
affected arm up to 90O abduction and removes support 
after instruction is given. The subject tries to lower 
his/her affected arm from 90O abduction slowly and 
smoothly. The test is positive if the patient drops 
his/her arm without any control (Figures 3.4, 3.5). 
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FicTure 3.5- Drop Arm test ； positive 
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(e) Apprehension test (Hawkins 1980)-
This manoevure is used to identify if there is 
any related problems such as glenohumeral subluxation or 
instability in the tested shoulder. Firstly, the subject 
is placed supine and relaxation of the shoulder girdle 
is established. The affected shoulder is fully supported 
by the examiner who then passively attempts to displace 
the humeral head out of the glenoid by turning the upper 
arm into abduction and external rotatioru It is 
considered as positive if the subject express 
apprehension by resisting the motion, drawing the arm 
away, or complaining of pain. Further pressure may be 
applied to the posterior aspect of the shoulder in the 
abducted position pushing the humeral head anteriorly if 
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Figure 3.6 - Apprehension test 
(f) Test for biceps tendinitis (Hawkins and Hobeika 
1983)-
The subject undergoing the assessment remains 
relaxed in long sitting or high sitting while the 
examiner flexes his affected elbow to the front to about 
90O. The test is considered positive if pain is 
experienced over the bicipital groove when the subject 
tries to resist supination and/or downward pressure 
exerted by the examiner over the wrist. Alternatively, 
the examiner can identify the biceps tendon over the 
groove on the humerus using the whole length of his 
thumb while the patient adopts a similar position as 
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above. If there is marked thickening of the biceps 
tendon or if the subject complains of increased pain 
when the examiner applies compressive pressure or a 
transverse frictional movement over the tendon, the 
disorder may arise from this structure (Figure 3.7). 
� 
Figure 3.7 - Test for Biceps-tendinitis 
(g) Test for glenohumeral rhythm (Jobe and Bradley 
1989)-
The subject exposes the upper back and is asked 
to bring both of his arms up to full elevation from the 
sides. The examiner observes the relative motion at both 
the scapulothoracic and glenohumeral joints, comparing 
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the symptomatic side with the unaffected side. During 
the first 4 5� of shoulder abduction, the scapulae 
should be relatively still, between 4 5 � to 90O the 
scapulae "unlock" and begin to rotate upward and forward 
lo for every 2 � of humeral abduction. The movement ratio 
becomes two to one during the latter part of the range 
until complete abduction is achieved (Perry 1983, Jobe 
and Bradley 1989) . Should there be any weakness in the 
muscles around this region or stiffness in the joints 
involved, the normal rhythm as described above would be 
disturbed (Figures 3.8, 3.9). 
I f 
華 、 
Figure 3.8 - Subject starting to elevate his arms 
from the sides (symptomatic side being the Right) 
I 
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Figure 3.9 - Relative movement of the scapulae 
is quite different 
The cervical spine is examined routinely in 
order to rule out any disorders in that region and 
symptoms such as neck pain, limitation in motion or 
disturbance in motor, sensory and/or reflex components 
will be considered as separate entities from shoulder 
impingement syndrome (Yocum 1983). 
An athlete demonstrating a painful arc while 
performing shoulder abduction and/or forward flexion 
has to undergo a routine assessment using the above 
tests. Should the impingement test and empty can test be 
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positive while the other procedures are negative, it is 
quite safe to confirm that the condition is most likely 
supraspinatus tendinitis. 
3.2.2 Categorizing the condition — 
Having identified the problematic structure as 
supraspinatus, the next step is to categorize each 
shoulder with impingement lesions into the various 
stages according to the severity of pain, time of onset 
and activities in which the patient is involved. 
The more recent the onset of a musculoskeletal 
disorder, the less physiological changes and functional 
problems that will be present, and consequently the more 
likelihood that the condition will resolve. Such cases 
are therefore grouped into Pre-stage I or Stage I. The 
older the age of the individual, the longer the history 
of symptoms and negative response to conservative 
treatment. This may affect the prognosis of such 
shoulder problems since there is a higher tendency of 
cuff tendon rupture. These cases will be classified as 
Stage II or Stage III (Hawkins and Kennedy 1980, Neer II 
1983) (Appendix 3.2). 
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3.2.3 Quantifying pain — 
Pain is a subjective complaint that can be very 
disabling at times and may interfere with performance. A 
scale from 0-10 was used and athletes with S.I.S. were 
asked to grade their symptoms subjectively by indicating 
their problem using one of the numerical figures which 
could be compared and referred to in later evaluations. 
All subjects undergoing the test were reminded that 0 
means no pain, 1 refers to minimal discomfort while 10 
represents the maximal pain that they can tolerate 
(Appendix 3.3). 
3.2.4 Activity scoring — 
The upper extremities are the basic functioning 
units in activities of daily living (ADL) while their 
demand in work and recreational/sporting activities are 
equally important. Among individuals with impingement 
syndrome, the proficiency in performing all above 
activities is a true reflection of the morbidity caused 
by the associated pathology. A scoring system is 
therefore used to identify the level of capability of 
performing essential ADL as well as in other activities 
which require a higher standard of skill and endurance 
(Appendix 3.4). The accumulative scores help to reflect 
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the severity of the condition. The higher it is the more 
disabled the individual will be, and any change in this 
numerical number will indicate a change in the 
condition. 
Based on the above assessment procedures ^  a 
standardized format was adopted as pre-isokinetic 
testing for subjects with shoulder impingement syndrome 
(Appendix 3.5). 
3.3 ISOKINETIC EVALUATION 
Subjects with S.I.S. usually experience a 
painful arc during the course of forward flexion, 
abduction, external rotation or a combination of such 
movements. The pain that is elicited often preclude full 
function of the muscle involved. The study with 
isokinetic evaluation is to find out the ratio in muscle 
torque, in endurance and other parameters between the 
two sides in impingement subjects and to compare with 
those from the control subjects. Meanwhile, the point of 
inability to exert maximal power is assessed if there is 
any correlation with the angle of maximal compressive 
stress during shoulder movements. 
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The Cybex II isokinetic dynamometry from Cybex, 
Division of Lumex, Inc, Ronkonkoma, New York was 
employed as the evaluation tool (Figure 3.10). 
Figure 3.10 - Cybex II (entire set-up) 
The efficacy of isokinetic testing has been 
facilitated by the Cybex Data Reduction Computer (CDRC) 
(Figure 3.11) while the Dual-channel System (Figure 
3.12) provides a variable—speed accommodating 
resistance. With such computerized devices, dynamic 
torsional forces can be recorded at set velocities 
throughout the range of motion to be tested. 
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Figure 3.12 - Dual-channel System 
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3.3.1 Subjects 一 
Athletes identified from the epidemiological 
study with true S.I.S. and patients of similar 
background seen at the Sports Clinic of Prince of Wales 
Hospital, Shatin were included in the isokinetic 
assessment. The use of the Cybex 11 was to gather 
adequate information relating to their movement 
behaviour, the pattern of contraction for various 
shoulder movements, the difference in peak torque, 
endurance ratio and total work between the affected and 
unaffected sides. 
Twenty-seven athletes with S.I.S. became the 
experimental subjects while an equal number of elite 
athletes free from any neuromuscular pathology and 
recent shoulder injury were recruited as control 
subjects of this study. 
Due to the length of the testing procedure, 
subjects were tested on an individual basis. The Cybex 
II was calibrated according to the established Cybex 
protocol prior to the study. 
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3.3.2 Testing speed -
A slow contractile velocity of 60® per second 
was selected for obtaining the peak torgue by performing 
five repetitions at maximal force (Mawdsley and Knapik 
1982, Magee and Currier 1986). 
Peak torque referred to the absolute maximal 
muscular force produced during isokinetic testing at a 
preset speed. 
A fast functional contractile velocity of 180® 
per second was chosen as the endurance testing speed 
doing twenty-five repetitions (Mawdsley and Knapik 1982, 
Montgomery et al 1989, Connelly Maddux et al 1989). 
Endurance ratio represented the ratio that 
occurred as the muscle exercised and fatigued, and was 
calculated as the percentage change from the beginning 
to the end of the test. 
To obtain the endurance ratio of all three 
movements, the first five contractions were used to 
compare with the last five when the testing speed was at 
180O per second. The unit thus collected was in 
percentage. The speeds chosen were supported by Burdett 
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and Van Swearingen (1987) who reported that the most 
reliable measures of endurance was the total work 
performed over twenty-five contractions at I80O per 
second. 
Since the individual's body mass and body 
composition varied a lot making comparison of the 
absolute maximal muscular performance impractical, the 
body weight ratio (i.e. the relative muscular 
performance calculated by dividing the peak torque by 
the subject's body weight or lean body mass) was also 
used as one of the main parameters. 
Meanwhile, peak torque acceleration energy 
(PK TAE) and total work were also made used of for more 
detail analysis. Peak TAE was the measurement of the 
"explosiveness" of a rapid muscle contraction based on 
the total work in the first one-eighth of a second while 
total work refers to the total volume of work calculated 
as the cumulative value of the twenty-five repetitions 
done at ISO® per second. 
3.3.3 Preparation of subjects -
(a) Explanation 
All subjects (impingement and control subjects) 
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were informed about the assessment procedures which 
included the two different speeds used in the 
assessment, the number of repetitions for each speed, 
the purpose of the test as well as the requirements of 
the subject which was to work maximally for each 
movement. 
(b) Finding out dominant sides 
In order to determine which side was the 
dominant one for each athlete, a standardized question 
format was used so that a more objective decision could 
be arrived at. The subjects of the study were asked to 
indicate which arm they would be used for certain 
activities relating strength demands, precision and 
daily living. A tick would be awarded against each 
activity and there were a total of twelve units grouped 
under three different headings (Appendix 3.6). 
If the use of a particular arm exceeded fifty 
percent of all pre-selected activities, it would be 
considered as the dominant side. A reaction test would 
be carried out in case the determining ratio was a 
fifty-fifty percent or if there were queries. To do 
that, a small object would be offered to the subject of 
the study, the arm that they used to accept the offer 
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would be considered as the dominant side. 
3.3.4 Venue 一 
The rooms were air-conditioned with the 
temperature ranged from 2 0 . - 22^C to avoid undue 
distress. Quietness was maintained during the tests to 
arrest any disturbance and carrying away of attention. 
3.3.5 Obtaining the body weight -
All subjects had to get weighted prior 
assessment so that the data could be with the Cybex Data 
Reduction Computer for appropriate analysis. 
3.3.6 Warm-up -
All subjects were instructed to do a few 
minutes of stretching and warming-up exercises of their 
own choice prior to the isokinetic test. 
3.3.7 Testing dominant and uninvolved sides first -
The uninvolved sides for subjects with 
impingement syndrome were tested first in order to 
establish a data base apart from enabling them to 
I 
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accustom to the test to eliininate any apprehension 
regarding the test. The dominant sides for the control 
subjects were assessed first for the similar reasons. 
3.3.8 Testing range -
Since athletes with impingement syndrome in the 
shoulder would experience a painful movement arc in one 
or more of the many shoulder movements or could not 
complete the normal physiological ranges, the excursions 
of the three tested movements were therefore confined to 
a standardized limit. 
The functional ranges of motion during the 
test were set so that flexion only went up to 145® and 
extension came to the anatomical zero degree. As for 
internal/external rotation, it was set at -12^ to llO� 
while 120 to 130O was set for abduction/adduction. These 
were adopted as a result of a pilot study on five 
patients with shoulder impingement syndrome showing that 
any movement beyond these ranges would cause undue 
discomfort and consequently the subjects could not 
complete the required number of movement repetitions 
matching the pre-set speed. The standardized movement 
ranges were ascertained by adjusting the stoppers 
against the scales of the Cybex II dynamometer at the 
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pre-determined points (Figure 3.13). 
Figure 3.13 - Stoppers Vs Dynamometer 
3.3.9 Testing movement (sequence of progression)-
The movements to be tested were in the similar 
sequence both for impingement group as well as for 
control group. The first movement was flexion/extension, 
followed by internal/external rotation and 
abduction/adduction. The subject was to be secured upon 
the Upper Body Exercise Table (UBXT) whilst doing the 
first and the last movements (Figure 3.14). 
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Figure 3.14 - The Upper Body Exercise Table (UBXT) 
3.3.10 Flexion/extension -
During the test of shoulder flexion/extension 
the subject lay supine on the UBXT. Straps went across 
the chest to stabilize the torso while there was another 
strap across the hips for further stabilization to 
ensure that the movements being tested were not 
compensated by other body parts (Cybex 1985). The 
anatomical axis of the glenohumeral joint in the frontal 
plane was aligned with the axis of the rotation of the 
dynamometer. The lever arm was carefully adjusted to 
match the length of the subject's upper limb so that 
he/she could grasp the handle and move in the required 
I 
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directions with the least strain (Figure 3.15). 
m 
Figure 3.15 - Position for doing flexion/extension 
3.3.11 Internal/external rotation -
The testing position for this movement was in 
standing at which the subjects undergoing the test were 
least apprehensive while they could put forth full 
effort in their performance (Davies 1984, Eisner et al 
1984, Walmsley 1987). Another main reason for adopting 
this modified neutral position was because it prevented 
excessive pressure and avoided impingement of the 
supraspinatus tendon. 
Appropriate adjustment of the height of the 
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dynamometer was made for each subject so that the 
forearm was resting over the input adaptor with the 
shaft of the humerus matching the axis of the output 
shaft of the machine. The subject stood with the hip 
against the side of the dynamometer with the feet 
placed at his/her own shoulder width to ensure stability 
and was reminded not to move the trunk or shift away 
from such a stance. A strap was applied across the 
forearm to ensure better shoulder rotation (Figure 
3.16). 
f , ， 
mm-" 
Figure 3.16 - Position for doing IR/ER 
3.3.12 Abduction/adduction 一 
The subject was positioned in inclined high 
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sitting on the UBXT with the back tilted at 70 degrees. 
Straps were applied over the lower chest and pelvis for 
stabilization of the assessment subject (Eisner 1983, 
Howell et al 1986, Connelly Maddux et al 1989). The 
subject on the UBXT was placed in front of the 
dynamometer which was carefully adjusted to ensure that 
the axis of abduction/adduction in the glenohumeral 
�oint was in the saiuG aligninent to that of the inoveinent 
shaft. The movement arm connected to the output shaft of 
the dynamometer was again suitably adjusted and stoppers 
were incorporated at the predetermined sites so that the 
whole excursion of this particular movement was smooth 
throughout the entire range (Figure 3.17). 
BiiME 产 
Figure 3.17 - Position for doing Abd/Add 
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3.3.13 Assessment procedure 一 
Data relating the name of subject, date, body 
weight and assessment protocol were entered into the 
Cybex Data Reduction Computer (CDRC) which would in turn 
indicate the damping code for assessment of the 
movement. This damping was to enable accurate 
interpretation of the curve values. The upper arm to be 
assessed was then weighed to allow the CDRC to adjust 
gravity correction in order to come up with more 
accurate results. 
3.3.14 Verbal coininands -
In order to make the test more consistent and 
reliable, silence in the assessment room was maintained 
and standardized verbal instructions and encouragement 
were given by the operator. The procedure was explained 
by means of a demonstration followed by three submaximal 
trials. 
3.3.15 Submaximal trials -
Once properly positioned, the subject was 
instructed to have a warm-up trial to get a "feel" of 
the machine, the movement speed and excursion of range. 
Three submaximal contractions followed by two maximal 
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contractions were encouraged. A one minute rest was 
provided prior actual testing• 
3.3.16 Actual testing -
When the subject was ready, the strip chart 
recording was turned on to 25inin per second and the enter 
key of the computer was struck to start the test. The 
subject was verbally encouraged to push and pull the 
lever as hard and as fast as possible until further 
instruction was given to stop. 
Following the slow velocity test, a two-minute 
rest period was given and then the endurance test at an 
angular velocity of 1800/sec was started by a submaximal 
trial. The set-up of the equipment and body position of 
the subject were unchanged. The strip chart recording 
was then changed to 15inm per second. After the rest, 
the subject was instructed to work as hard as he/she 
could for twenty-five repetitions. 
Peak torque, endurance ratio, total work, PK 
TAE were obtained and analyzed by the CDRC of the system 
and a data print-out was produced for record and 
comparison. 
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The similar tests for peak torque at a slow 
velocity of 600/sec and for endurance at a fast velocity 
of 1800/sec were repeated on the opposite side (i.e. the 
non-dominant side for control subjects and affected side 
for impingement subjects). 
3.3.17 Rest in between 一 
In order to ensure adequate recovery before the 
testing of the next movement, two minutes were given 
before progressing to a different speed (Mundale 1970, 
Walmsley and Szybbo 1987), and ten minutes were given 
when changing to a different movement. Since the test 
was always done with one side at slow speed first 
followed by a fast speed, and the similar procedure was 
repeated on the opposite side, each extremity would have 
adequate rest before it was tested. 
3.3.18 Analysis of trough - ‘ 
Qualitative observations were made from the 
shape of the printed curves and related arcs of motion. 
The individual contraction curves for flexion and 
abduction in 60� per second from impingement subjects 
were studied. Any trough was identified and the relative 
angle was traced and recorded for later analysis. 
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3.4 BIOMECHANICAL STUDY OF STRESS UPON SUPRASPINATUS 
TENDON 
In the prevention and management of shoulder 
impingement syndrome it is essential to understand the 
relative strain and stress at the shoulder region, in 
particular, at or upon the rotator cuff tendon during 
the bony impingement phase. 
3.4.1 Objective -
This part of the study was carried out with the 
following objectives : 
(a) to measure the compressive stress accurately within 
the subacromial space, in particular, upon the 
supraspinatus tendon. 
(b) to measure the pressure upon this structure when the 
upper arm was positioned at various movement angles. 
(c) to define the positions of the upper arm at which 
the supraspinatus was under maximal stress. 
(d) to compare if the positions with maximal stress upon 
the cuff tendon correlated with the trough recorded 
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by the Cybex Data Reduction Computer in the 
isokinetic study which indicated the symptomatic arc 
experienced by individuals with shoulder impingement 
syndrome. 
3.4.2 Instrumentation -
Soft tissue like tendon is compliant and will 
undergo compressive strains when loaded laterally. For 
anatomical and mechanical reasons, the device used to 
register compressive stress has to be of adequate 
thinness and size so that it can be placed within the 
subacromial space yet not interfering and disturbing 
the soft tissue movement therein. As for the mechanism, 
it has to be pliable and able to adapt to the 
configuration of the neighbouring structures since the 
bony surfaces of the upper end of the humerus will be 
compressing against the undersurface of the acromion 
with this device in between. 
The Interlink Force Sensing R e s i s t o r ™ Kit 
( F S R ' S T M ) from the Interlink Electronics, California of 
the United States of America is made of polymer film 
substrate and is designed to sense compressive forces 
through monitoring the device's electrical resistance. 
This one centimeter square flat circular probe has a 
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thickness of 0.66 millimeter including the plastic 
covering. Its flexibility allows the film to conform to 
simple curves. 
This force sensing cell is designed to measure 
force ranges from 200 to 10,000 grains (0.4 ounce to 22 
pounds) which can be centered at any one point or spread 
over the active area of the entire surface. The 
resistance relationship becomes non-linear should the 
force applied upon it fall out of the two recommended 
extremes. Calibration was done using standard known 
weights and results indicates that it has a standard 
error of 102 . 66402 grains. 
In this study, the cell is connected in series 
to a voltage divider and a voltage meter to indicate 
readings in volt. It functions to exhibit a decreasing 
resistance with increasing force (Figures 3.18, 3.19). 
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The whole system becomes an open circuit when 
there is no pressure exerted upon the load cell. With 
increase in pressure there will be decrease in 
resistance thus increase in voltage shown on the voltage 
meter. This load cell is thus selected to look for 
answers for the aforesaid objectives. 
Testing and calibration have been carried out 
in order to arrive at a consistent conversion of 
compression force from voltage to mega pascal 
(Appendices 3.7, 3.8). 
3.4.3 Technique and procedure -
a/ Selection of cadavers 一 
Four fresh human specimens were used in this 
study. Both sides of the shoulder complex were assessed 
to ensure there were no signs of recent trauma and 
degeneration nor any prior post-mortem surgical 
procedures done around the thoracic and/or pectoral 
regions. Investigation were conducted regarding the 
effect of different shoulder positions on compressive 




b/ Preparation and data collection -
To study both shoulders of the specimens, the 
body was placed supine on the dissection plinth for 
application of instruments and collection of data. An 
anterosuperior 6-cin saber incision was used starting 2 
cm medial and slightly anterior to the anterior corner 
of the acromion, and extending downward and laterally 
just over the humeral acromial junction (Figure 3.20). 
Figure 3.20 - Incision 
The incision allowed direct intrusion into the 
subacromial space wherein the load cell was inserted 
placing at the undersurface of the anterior one-third of 
the acromion. Manual stabilization by the same 
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researcher was adopted (Figures 3.21, 3.22). 
Figure 3.21 -- Application of the resistance sensor 
丨 kMl _ -
Figure 3.22 - Manual stabilization of the sensor 
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To ascertain the relative upper arm position to 
the trunk, a bi-axial electronic goniometer (the "M" 
Series Twin Axis Goniometer from Penny and Giles 
Blackwood Limiter, Gwent, United Kingdom) was secured on 
the exterior of the shoulder joint to register the 
amount of movement of this joint in different planes 
(Figures 3.23, 3.24). 
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Figure 3.24 - Fixation of device to measure 
arm position 
An elbow slab made of Sansplint was used to 
maintain the elbow of the assessing arm at 90�• Any 
relative movement along the longitudinal axis of the 
upper arm could be confirmed as rotation at the scapulo-
humeral junction (Figure 3.25). 
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Figure 3.25 - Sansplint elbow slab 
While the researcher was supporting the 
specimen's arm and moving it into different positions, 
the biaxial electronic goniometer would indicate the 
amount of relative movement between the humerus and the 
rest of the body parts (Figure 3.26). 
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Figure 3.26 - Electronic qoniometer at function 
The movement excursions to be studied were 
neutral flexion and abduction, flexion and abduction 
with 30O of rotation to either directions. Such ranges 
were chosen because many researchers reported that the 
supraspinatus would be under maximal stress within 60� 
to 120O of shoulder movement (Peat 1986, Johnson 1987, 
Kerr 1987, Jarvholm et al 1988 and Miller et al 1988). 
Readings were taken at neutral positions, then 
progressing from 40® to 160^ at 20�intervals. The 
specimen's arm were held still at each specific angle 
and readings of the resultant forces were collected 
after remaining stationary for five seconds. 
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An identical insertion technique and similar 
procedures were repeated on three more fresh cadavers so 
that a total of eight shoulders were studied and the 
numerical consequences were analyzed. 
3.5 DATA ANALYSIS 
All data and responses for the epidemiological 
survey, the isokinetic assessment and the biomechanical 
evaluation were converted into numerical values which 
were recorded by the Wordstar programme and analyzed by 
means of the Statistical Package for Social Science, 
Personal Computer (SPSS/PC)� 
The means, frequency and percentage were 
obtained in the epidemiological survey. Crosstabulations 
were carried out using Chi Square to evaluate if the 
results were significant (P < 0.05)• 
As for the isokinetic study, the dependent 
measurements were peak torque, endurance ratio, peak 
torque acceleration energy and total work in newton-
meters for the three different shoulder movements. The 
independent variables of experimental interest were 
sides (affected/unaffected and doininant/non-dominant 
sides) and speeds (60O/second and 180O/second). 
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The mean and standard deviations were 
calculated for all these parameters normalized by body 
weight. Data were analyzed to determined the difference 
between affected and unaffected sides in impingement 
subjects, and dominant and non-dominant sides in control 
subjects to look for any significant difference which 
was set at five percent. 
Paired t一tests with the level of significance 
set at P < 0.05 were used for comparisons of the 
variables between affected and unaffected sides in 
impingement subjects. Independent t-tests with a level 
of significance set at P < 0.05 were used for 
comparisons between impingement subjects and control 
subjects. 
Multiple regression was used to plot the 
compressive load against the volt recorded by the 
voltage meter in the biomechanical study. Statistical 
analysis consisted of standard deviations and t-test 
evaluations and the confidence level was set at 95 
percent (P < 0.05). 
The Havard Presentation graphic was adopted to 
produce pie-charts, bar chart as well as graphs. 
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CHAPTER IV. RESULTS 
One hundred and sixty-three athletes among the 
respondents of the epidemiological survey (N=372) 
reported to have different types of shoulder complaints. 
Of those who had localized pain (N=89, 23.9%) fifty-nine 
underwent the standardized assessment and forty—five 
(12%) were confirmed to have supraspinatus tendinitis. 
Only 27 subjects could complete all three movements at 
two different speeds in the isokinetic evaluation (Table 
4.1). 
The values of different parameters of the 
affected shoulders were compared with those of the 
unaffected sides. Similar information was gathered from 
the control group and a comparison of the dominant sides 
versus the non-dominant sides was carried out in order 
to see which group had better muscular performance, and 
whether the discrepancy between the two arms was 
similar in both groups. Meanwhile, the angle of maximal 
stress collected in the biomechanical study was used to 
compare with the behavior of performance in the 
isokinetic test to check if there was any significant 
correlation• 
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Respondents in the survey 
(N=372) 
V 
Athletes with different types of shoulder problems 
(N=163) 
Y 
Athletes with shoulder related pain 
as their main complaint (N=109) 
Athletes with localized shoulder pain 
(N=89) 
y 
Confirmed to be S.I.S. by standardized assessment 
(N=59) 
Athletes available for isokinetic evaluation 
(N=45) 
y 
Subjects completed all tested movements and speeds 
(N=27) 
Table 4.1; Source of subjects for isokinetic 
evaluation 
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4.1 EPIDEMIOLOGICAL SURVEY 
The questionnaire was administered on site 
where athletes were undergoing training or competition 
and the response was 100 percent. Analysis of data 
revealed findings on the following different aspects. 
4.1.1 Population -
Three hundred and seventy-two athletes of 
different sports groups were studied from March 1988 to 
November 1989. There were 242 male respondents 
corresponding to 65.1 percent of the whole study group, 
the number of female respondents was 130 corresponding 
to 34.9 percent. Of these 372 respondents 246 (66.1%) 
were under the age of 25, 119 (32%) were between 25 to 
40 years and only 7 (1.9%) were above 40 (Figure 4.1). 
Femaje = 130 2 5 - 4 0 y「. = 119 
霸 O 
Male = 242 < 25 y「. = 246 
65% 66% 
A, Sex d i s t r i bu t i on B. Age d i s t r i bu t i on 
Fig.4.1 Epidemiological survey (N-372) 
sex and age distribution. 
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Majority of the study population (351 subjects 
equal to 94.4%) were identified to have right hand 
dominance and only 21 athletes (5.6%) had dominance on 
their left side (Figure 4.2-A). 
U n a f f e c t e d = 2 0 9 
Right = ^ ^ Right = 將 
9 4 % 2 8 % L e f t = 2 2 6% 
A, Hand dominance B, A f fec ted shoulder 
Fig.4.2 Epidemiological survey (N-372) 
hand dominance and sides affected 
Concerning their sporting background, 7 0 
respondents (18.8%) designated themselves as full time 
participants. This group included the physical education 
teachers or instructors, trainers and those who were on 
scholarship for full-time training. One hundred and 
fifty—six respondents (41.9%) entered in the elite or 
competitive athletes category. They were mainly 
representatives from colleges, sports associations or 
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they were Hong Kong team members in certain sports 
events. The rest 146 (39.2%) were recreational athletes 
who were involved in certain sporting events regularly 
at least once per week (Figure 4.3). 
F i e c r e e t i o n = 115 
31 % 
R e c r e a t i o n a l = 146 
3 9 % , , , 
A, Spor ts background B, Nature of pa r t i c ipa t ion 
Fig.4.3 Epidemiological survey (N-372) 
sports background 
and nature of participation. 
4.1.2 Sports participation -
The studied population included a large 
percentage of athletes doing mainly volley ball (69 
respondents equal to 18.6%), swimming (63 accounted to 
16.9%) and badminton (48 which represented 12.9%)� 
Distribution for the rest of the studied events were 
basketball 一 46 (12.4 %), gymnastics - 14 (3.8%), squash 
- 3 9 (10.5%) , table tennis 一 12 (3.2%), tennis 一 22 
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(5.9%), track and field 一 17 (4.6%) , this only included 
the field events which required mainly upper arm 
activities such as in throwing events. There were 42 
respondents grouped under others (11.3 %) and they 
involved archery, fencing, rowing, karate and weight 
training (Figure 4.4). 
Swimming 63 
Vol ley Bal l 69 
BasKet Ban / 
6% 
O t h e r s 42 Squash 3 9 
11% 10% 
Fig.4.4 Epidemiological survey among 
372 subjects of different sport events 
4.1.3 Movements with maximal effort -
In response to the question indicating the 
upper arm movement most involved in their sport 
activity, 67 respondents (18%) expressed that it was at 
shoulder level, 78 (21%) claimed that it was above 
shoulder level while 184 (49.5%) reported that it 
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covered all ranges. Only 43 (11.6%) responded that their 
movement activities were below shoulder level (Figure 
4.5-A). 
At sh , l e v e l 6 7 C o m b i n a t i o n 2 9 E / R 31 8% 
A l l r a n g e s 18 
4 9 % U n a f f e c t e d 2 3 5 6 3 % 
A, Movement w i t h max, e f f o r t B, Painful movement 
Fig.4.5 Epidemiological survey (N-372) 
movement with maximal effort and 
painful movements 
In response to the question regarding in which 
movement they would exert most force, 127 subjects 
(34.1%) chose flexion. External rotation was indicated 
by 54 respondents (14.5 %) and extension/downward push 
by 85 (22.8%) , while 64 athletes (17.2%) claimed 
throwing as the movement that required most effort. 
There were 42 respondents (11.3%) who selected others 
which represented a combination of various upper arm 
movements. 
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4.1.4 Warming up -
Of the 372 respondents, 31 (8.3%) did not do 
any warming-up exercises before activity, and among the 
341 athletes (91.7%) who had warming-up exercises those 
who did it for less than 10 minutes were 174 (46.8%), 
between 10-20 minuets were 126 ( 33 . 9%) , for 20-30 
minutes were 29 (7.8%) while 12 of them (3.2%) did it 
for over 30 minutes (Figure 4.6). 
Yes = 3 4 1 < 10 r r i i n . : 174 
9 2 % 47% 
A, VVarming-uD B, Durat ion 
Fig.4.6 Epidemiological survey (N-372) 
availability of warming-up prior 
activity and their duration. 
4.1.5 Presence of shoulder pain and other problems -
The major concern of the present study was to 
find out the incidence of shoulder pain during upper arm 
activities among athletes and whether localized pain 
reported was supraspinatus tendinitis. Respondents 
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having been identified with such symptoms would be 
further evaluated by a standardized assessment method 
for S.I.S.. 
One hundred and sixty-three respondents (43.8%) 
indicated that they had shoulder problems. The data 
reviewed that apart from pain in 109 subjects (29.3%) 
there were other musculoskeletal complaints which 
included crepitus in 17 (4.6%), instability / weakness 
in 25 (6.7%), and decreased movement ranges in 9 (2.4%) 
while 3 (0.8%) reported that their problems were not 
related to any of the above symptoms (Figure 4.7-A). 
〇tt"^ers 3 D i f f u s e p a i n 2 0 
w e e k n e s s 2 5 ..... ^ ^ ^ 、•、、 N o p a m 2 6 3 
D e c r e e d R O M 9 ^ z 
2% 
A, Shoulder prob lem B. Nature of pain 
( N = 163 ) ( N = 1〇9 ) 
Fig.4.7 Epidemiological survey (N-372) 
major shoulder problem and 
nature of pain 
The 109 subjects who complained of shoulder 
pain during activity represented 66.9% of the 
I 
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symptomatic group. Diffuse pain existed in 20 athletes 
(5.4%) while localized pain was present in 89 athletes 
(23.9%) which is highly significant (P < 0.05)(Figure 
4.7-B). 
Crosstabulation of the data reflects that there 
is a high percentage of shoulder pain among those 
respondents with shoulder problems which included 
crepitus, weakness and decreased movement ranges (Table 
4.2). 
SPORT PAIN OTHER PROBLEMS TOTAL 
VOLLEY BALL 28 (74 %) 10 (26 %) 38 
BADMINTON 10 (52.6%) 9 (47.4%) 19 
BASKETBALL 10 (50 %) 10 (50 %) 20 
GYMNASTICS 4 (80 %) 1 (20 %) 5 
SQUASH 6 (66.7%) 3 (33.3%) 9 
SWIMMING 22 (66.7%) 11 (33.3%) 33 
TABLE TENNIS 3 (60 %) 2 (40 %) 5 
TENNIS 10 (90.9%) 1 (9.09%) 11 
FIELD EVENT 3 (37.5%) 5 (62.5%) 8 
OTHERS 13 (86.7%) 2 (13.3%) 15 
TOTAL 109 (66.87%) 54 (33.13%) 163 
Table 4.2 Shoulder pain and miscellaneous shoulder 
problems among athletes of different events 
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The frequency of pain and other shoulder problems 
associated in different athletic groups is indicated in 
Figures 4.8, 4.9, 4.10, and 4.11. 
Babmin ton = 10 ^ ^ ^ ^ ^ 
Sw imming = 22 F ie ld events = 3 
2〇％ Tennis 二 1 〇 。 
Table tennis = 3 9% 
3% 
Sub jec ts w i t h shoulder pain 
(N - 109 ) 
Fig.4.8 Epidemiological survey (N-372) 
athletes of different sport events with 
shoulder pain as their main problem 
Crepitus 二 3 
^ i i i l l l l ^ X ^ e a K n e s s = 7 
Ahletes w i t h shoulder prob lems (N=66) 
Fig 4.9 Nature of shoulder problem 
among elite athletes (N-156) 
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Crep i tus = 12 
遍： 
64% \ \ ^ ^ ^ ^ 
Ath le tes w i t h shoulder prob lems (N=64) 
Fig.4.10 Nature of shoulder problem 
among recreational participants (N-146) 
Crep i tus = 2 
Al. yyyy^^ \ 
Y：：：：：：：：：：：：：：：：：："：：：：：： I ^ P \ 
库 n 丨 H H H 丨 丨 H H 謡 n 丨 \ 
A：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：^ ••III* 
羅 D e c r e a s e d ROM - 3 
“ J ^ O the rs = 2 
6% 
Ath le tes w i t h shou lder p rob lems (N=33) 
Fig.4.11 Nature of shoulder problem 
among full-time participants (N-70) 
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Crosstabulation by Chi Square reveals that 
the incidence of shoulder pain among the elite group 
compared with the recreational and full-time groups is 
statistically significant (Chi Square values = 19.31735, 
P = 0.013)(Figure 4.12). 
COMPLAINTS ELITE RECREATIONAL FULL-TIME 
(Athletes) 
PAIN 51 41 17 (N=109) 
OTHER PROBLEMS 15 23 16 (N= 54) 
Total : 66 64 33 (N=163) 
Figure 4.12 Pattern of shoulder problems 
among athletes of different sporting background 
Of the different painful shoulder movements, 
flexion was reported by 35 athletes (9.4%), abduction by 
20 (5.4%), external rotation by 31 (8.3%). There were 29 
respondents (7.8%) indicated that pain occurred in more 
than two movements while 22 subjects (5.9%) reported 
that they had pain in other shoulder movement excursions 
(Figure 4.5-B). 
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The survey documented that of the 163 
respondents with shoulder problems 106 (28.5%) were 
right side affected and 22 (5.9%) were affected on the 
left while those who had both sides involvement 
accounted for 35 (9.4%) (Figure 4.2-B). 
4.1.6 Warm-up activities versus shoulder problems -
To identify the correlation between warming-up 
exercise and the presence of shoulder problems the data 
reflects that there are 13 subjects (42%) from the nil 
warming-up group (N=31) and 150 athletes (44%) from the 
warming-up group (N=341) with shoulder complaints. 
The availability of warm-up activities prior training 
and competitions among the respondents is not 
significant (P > 0.05)(Figure 4.13). 
W i t h sh, p r o b l e m = 13 W i t h sh, p r o b l e m = ' 5 0 
No Sh. p r o b l e m = 18 No sh. p r o b l e m = 191 
58% 56% 
A, No wa rm-up (N-31) B, W i th wa rm-up (N-341) 
Fig.4.13 Epidemiological survey (N-372) 
the correlation of warming-up activities 
with shoulder problems 
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4.1.7 Previous shoulder injury -
Analysis of data demonstrated that athletes 
with previous shoulder injuries accounted for 33 percent 
(123 subjects). The incidence of sprain was highest 
(N=80, 21.5%) followed by others (N=19, 5.1%) which 
included tear of muscles, falling onto the shoulder 
while some claimed that they were not sure of the type 
of injury. Twelve respondents (3.2%) indicated that they 
had contusion while eleven (3%) reported that they had 
suffered from dislocation. Crosstabulation of previous 
shoulder injuries versus the presence of shoulder pain 
during itiovement reflects significant findings (P = 
0.000)• The breakdown of their initial shoulder injuries 
is indicated in Figures 4.14 and 4.15. 
- v e = 2 4 9 Nil = 2 4 9 
+ ve = 123 Twice = 3 6 8% 
33% 10% 
A, Presence of prev ious B. Ep isodes of previous 
shoulder in jur ies (N二 123). shoulder injur ies, 
Fig.4.14 Epidemiological survey(N-372) 
previous shoulder injuries 
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D i s l o c a t i o n 11 22% 
3% 
A th l e tes w i t h sh, i n j u r i es (N-123) 
Fig.4.15 Epidemiological survey (N-372) 
Nature of initial shoulder injury 
4.2 STANDARDIZATION OF ASSESSMENT 
This standardized approach for assessing 
patients with shoulder related pain has been adopted by 
clinical physiotherapists and medical personnel in the 
Prince of Wales of Hospital, Shatin in the last two 
years. Subacromial injection of local anesthesia 
(Xylocaine) is used randomly to confirm the diagnosis 
(Neer 1972, Kessel and Watson 1977, Hawkins et al 1988) 
which has been found to be very accurate. The use of 
numerical scores is both convenient and clear among 
patients and clinicians. 
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Athletes identified with shoulder related pain 
were routinely assessed if their symptoms were 
supraspinatus tendinitis in origin. A total of fifty-
nine subjects were identified as impingement subjects 
forty-five of which underwent the isokinetic evaluation. 
Only twenty-seven (45.7%) could complete the test for 
all three movements. The rest were excluded from this 
part of the study because they either could not complete 
one or more of the three movements at the pre-determined 
speeds or they were unable to work for the required 
number of repetitions. 
4.3 ISOKINETIC EVALUATION 
The null hypothesis was that the differences in 
mean values of peak torgue and endurance ratio between 
the dominant and non-dominant sides in the control group 
were greater than the differences between the affected 
and unaffected sides in the impingement group. To 
analyse the movement activity values, the mean 
percentage change of the torque, endurance ratio and 
other related parameters of the two shoulders in both 
groups were used as comparison. The way to do this was 
to compare the value of each speed for every studied 
movement against the similar values of the opposite 
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group (Appendices 4.1, 4.2). 
Having gathered the means and standard 
deviations for the peak torque and endurance ratio for 
the different movements, the values of 
agonist/antagonist peak torque ratio, total work, torque 
acceleration energy, endurance ratio, power, and 
agonist/antagonist work ratio were calculated by paired 
samples t-test. Comparison of dominant to non-dominant 
sides and unaffected to affected sides for all such 
parameters were also made to ascertain the differences. 
The data thus collected demonstrate the 
relative muscular performance (Appendix 4.3). The 
difference in endurance ratio of all movements between 
the two sides among the impingement subjects are 
insignificant (P > 0.05) (Table 4.3) while significant 
differences are found in all other parameters (P < 
0.05). 
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MOVT. MEAN E.R. MEAN E.R. Xu-Xa t-VALUE P-VALUE 
Xu Xa 
( % ) ( % ) ( % ) 
FLEX. 68.2222 76.2963 -8.0741 -1.57 0.835 
EXT. 92.5556 69.1481 23.4074 0.74 0.591 
ABD. 73.8889 74.9259 -1.0370 -0.19 0.199 
ADD. 112.8148 243.4444 -130.6296 -0.74 0.721 
I/R 79.9231 80.7692 -0.8461 -0.17 0.058 
E/R 76.2222 290.2222 -214.0000 -0.94 0.649 
Table 4.3 - Difference in endurance ratio between 
affected (dominant) side and unaffected (non-dominant) 
side in iitipinqement subjects 
E.R. = Endurance ratio (in percentage) 
Xu (%) = Mean in percentage on unaffected side 
Xa (%) = Mean in percentage on affected side 
Movt. = Movement 
As for the control group, there are 
significant discrepancies (P < 0.05) between the two 
sides in almost all parameters except in endurance ratio 
of extension and external rotation (Appendix 4.4)(Table 
4.4). 
108 
MOVT. MEAN E.R. MEAN E.R. Xu-Xa t-VALUE P-VALUE 
Xd Xa 
(%) (%) LiJ 
FLEX 67.4074 60.4074 7.0000 3.42 0.021 
EXT. 63.7407 56.3704 7.3704 2.03 0.063 
ABD. 69.1852 63.8148 5.3704 1.61 0.002 
ADD. 80.4815 69.2593 11.2222 1.30 0.039 
I/R 75.4815 70.8148 4.6667 1.79 0.000 
E/R 68.8519 61.0741 7.7778 2.07 0.090 
Table 4.4 - Difference in endurance ratio between 
dominant and non-dominant sides in control subjects 
E.R. = Endurance ratio (in percentage) 
Xd (%) = Mean in percentage on dominant side 
Xn (%) = Mean in percentage on non-dominant side 
Movt. = Movement 
109 
The results of analysis of all parameters 
between the two groups show that significant differences 
can only be found in endurance ratio in flexion (P = 
0.000) and total work in external rotation ( P = 0.035 ) 
(Appendices 4.5 and 4.6). 
Realizing that the difference in body mass and 
body composition of the two groups might vary thus 
making comparison of the absolute maximal muscular 
performance impractical (Ivey and Calhun 1985), further 
comparison was done basing on peak torque normalized by 
the subject's lean body mass�This was calculated with 
the values of peak torque in newton meter versus the 
body weight in kilograms. The mean difference between 
two sides of the impingement group was again compared 
with the control group (Appendices 4.7 and 4.8). 
Statistical analysis indicates that results are 
similar to the previous findings. That is to say, the 
probabilities for all parameters are greater than 0.05 
except in endurance ratio of flexion and total work of 
external rotation (P < 0.05). 
110 
4.4 BIOMECHANICAL STUDY 
Dissections were carried out on four fresh 
cadavers without any shoulder pathologies and a total of 
eight shoulders were studied • Load cell was inserted 
into the subacromial space after making an incision on 
the antero-lateral aspect of the shoulder. While the arm 
was positioned at different degrees of flexion and 
abduction, readings in voltage were gathered and these 
were later converted into mega pascal to represent the 
compressive stress thus recorded (Appendices 4.9 and 
4.10). 
The experimental results are listed in figures 
4.16 to 4.21 showing the relative compressive stress 
within the subaciromial space recorded at different 
degrees of shoulder flexion and abduction. 
Ill 
PRESSURE (MPa) 
Neutral 20 40 60 80 100 120 140 160 
RANGE (DEGREE) 
S h o u l d e r 1 — ^ S h o u l d e r 2 S h o u l d e r 3 S h o u l d e r 4 
S h o u l d e r 5 S h o u l d e r 6 S h o u l d e r 7 S h o u l d e r 8 
S T R E S S I N N E U T R A L F L E X I O N ( N - 8 ) 
Figure 4,16 - Compressive stress in neutral flexion 
PRESSURE (MPa) 
0.14 I ^^^^^^^ 
N E U T R A L 2 0 4 0 6 0 8 0 1 0 0 120 1 4 0 1 6 0 
RANGE (DEGREE) 
— S h o u l d e r 1 - + - S h o u l d e r 2 S h o u l d e r 3 S h o u l d e r 4 
S h o u l d e r 5 S h o u l d e r 6 S h o u l d e r 7 S h o u l d e r 8 
S T R E S S I N F L E X I O N W I T H 3 0 d e g l / R ( N - 8 ) 
Figure 4.17 - Compressive stress in flexion with I/R 
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PRESSURE (MPa) 0.05 I 
0.03 - \ ^ ^ ^ ^ 
Neutral 20 40 60 80 100 120 140 160 
RANGE (DEGREE) 
— S h o u l d e r 1 - + - S h o u l d e r 2 S h o u l d e r 3 S h o u l d e r 4 
S h o u l d e r 5 ^ ^ S h o u l d e r 6 S h o u l d e r 7 S h o u l d e r 8 
S T R E S S IN F L E X I O N W I T H 3 0 d e g E / R (N - 8 ) 
Figure 4.18 - Compressive stress in flexion with E/R 
PRESSURE (MPa) 
0.14 I 
Neutral 20 40 60 80 100 120 140 160 
RANGE (DEGREE) 
— S h o u l d e r 1 S h o u l d e r 2 S h o u l d e r 3 普 S h o u l d e r 4 
S h o u l d e r 5 S h o u l d e r 6 务 S h o u l d e r 7 S h o u l d e r 8 
S T R E S S IN N E U T R A L A B D U C T I O N ( N • 8 ) 
Figure 4.19 - Compressive stress in neutral abduction 
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PRESSURE (MPa) 0.14 I 
Q I I I 1 1 1 1 i 
Neutral 20 40 60 80 100 120 140 160 
RANGE (DEGREE) 
— S h o u l d e r 1 — ^ S h o u l d e r 2 S h o u l d e r 3 S h o u l d e r 4 
S h o u l d e r 5 S h o u l d e r 6 S h o u l d e r 7 S h o u l d e r 8 
S T R E S S I N A B D U C T I O N W I T H 3 0 d e g I / R ( N - 8 ) 
Figure 4.20 - Compressive stress in abduction with I/R 
PRESSURE (MPa) 
0 . 1 — 
0.08\ 
oi ^ ^ ife ^ 
Neutral 20 40 60 80 100 120 140 160 
RANGE (DEGREE) 
— S h o u l d e r 1 + S h o u l d e r 2 + S h o u l d e r 3 夺 S h o u l d e r 4 
冬 S h o u l d e r 5 S h o u l d e r 6 去 S h o u l d e r 7 冬 S h o u l d e r 8 
S T R E S S I N A B D U C T I O N W I T H 3 0 d e g E / R ( N - 8 ) 
Figure 4.21 “ Compressive stress in abduction with E/R 
I 
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The graphs showing the compressive stress 
within the subacromial space have a fairly consistent 
trend with the peak at 100® during flexion and 
abduction. 
SHOULDER 
MOVEMENT 1 2 3 4 5 6 7 8 
FLEXION 100 100 100 100 100 100 100 100 
FLEXION I/R 100 100 120 100 80 80 100 100 
FLEXION E/R / 40 40 40 40 40 60 0 
ABDUCTION 100 100 100 100 100 100 100 80 
ABDUCTION I/R 100 60 100 100 60 80 80 80 
ABDUCTION E/R / / 0 60 60 / 0 0 
Table 4.6 - Angle of shoulder at which maximal 
compressive stress is recorded during the 
six studied movements 
To find out if maximal stress at 100° is 
significant, Chi Square is used to compare the incidence 
of the peak of these eight graphs found at 100° with 
those at other angles. Results of such statistical 
analysis demonstrate that the Chi Square values equal to 
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27 for flexion (P < 0.01) while that for abduction is 18 
(P < 0.02) both of which are statistically significant 
(Appendix 4.11). 
To prove the estimation that maximal 
compressive stress is exerted upon the supraspinatus 
tendon at lOOO, readings recorded from the individual 
movement are studied to obtain the standard deviation. 
Results of analysis indicate that the observed range for 
neutral flexion, flexion with 30® internal rotation, 
neutral abduction and abduction with 30^ internal 
rotation is at or fairly near 100®. As for 
flexion/abduction with 30^ external rotation, the mean 
range of 15^ is totally different from the other 
movements (Appendix 4.12). 
This study reveals that the shoulder angle at 
which maximal compressive stress arises within the 
subacromial space is at lOO� flexion and abduction. The 
pattern is fairly similar with internal rotation while 
with external rotation, this angle is beyond twenty 
degrees. 
The discrepancies in the results between the 
eight shoulders of the four specimens are possibly due 
to the difference in age, occupational and sporting 
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background, duration between death and assessment or 
perhaps hand dominance. Other physiological differences 
between specimens and technical errors may also be the 
contributing factors. 
4.5 CORRELATION BETWEEN ANGLE OF MAXIMAL COMPRESSIVE 
STRESS WITH ISOKINETIC FINDING 
In order to evaluate if the angles of maximal 
compressive stress might have contributed to any changes 
in the torque pattern produced during isokinetic flexion 
and abduction evaluation, the data and graphic sheets of 
the impingement subjects from the isokinetic study were 
further assessed. 
The graph indicates the ability of a muscle 
group to exert force during the course of contraction. 
Since isokinetic resistance accommodates to pain, when 
it occurs, the muscular output against the dynamometer 
decreases and the stylus will drop accordingly showing 
the force change (Davis 1984). A trough that appears 
along the graph is most possibly "due to muscular 
inhibition associated with pain" (Ciullo 1986) and this 
refers to a dip at any point of the line representing 
the force of motor output. This point has to be lower 
I 
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than the two adjacent sides. 
Firstly, the individual trough of the five 
contractions in 60O/second for all impingement subjects 
w e r e i d e n t i f i e d . T h e i r r e l a t i v e a n g l e s d u r i n g t h o s e 
m o v e m e n t e x c u r s i o n s w e r e t r a c e d and r e c o r d e d for 
comparison (Figure 4.22, 4.23). 
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Figure 4.22 一 Cybex graph showing trough in flexion 
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Figure 4.23 一 Cybex graph showing trough in abduction 
The graphic print-out of the 60O/second 
movements were used since this speed is used to evaluate 
torque and the graphs reflect clearly the performance of 
all five contractions. Each cycle of the flexion and 
abduction movements is assessed manually to identify if 
there is any trough. 
Should a trough appear in one of the 
contraction graph it is considered as one count. The 
maximum count per subject is five for all the five 
contractions. The percentage of the incidence of such a 
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pattern is calculated with the number of counts against 
the five contractions times the total number of 
subjects. 
A study on such graphs reveals that eight 
subjects out of the group of twenty-seven have a trough 
in their flexion movements. The incidence of trough per 
individual subject ranged from one to three. None of the 
subject have such a pattern in all five contractions. 
As for the abduction test, the number of 
subjects from which a trough is detected from the graphs 
is 16 out of 27. The incidence ranges from 1 to 5 for 
the five repetitions (Tables 4.6 and 4.7). 
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SUBJECT TROUGH DURING Deg OF FLEX.(5 contractions) 
~ l i t 2nd 3rd 4th 5th 
^ 70 70 70 80 
2 90 100 100 90 100 
3 40 60 40 60 60 
4 60 60 80 100 100 
5 60 60 40 40 40 
6 40 40 100 40 100 
7 40 60 40 40 60 
8 60 70 60 60 40 
9 20 20 20 30 30 
10 40 40 40 40 40 
11 20 20 20 20 20 
12 / 70 / 60 70 
13 90 90 40 100 100 
14 40 40 100 60 80 
15 / / / / / 
16 / / / / 20 
17 50 20 40 40 30 
18 20 60 40 40 40 
19 / / 100 110 30 
20 40 40 40 40 40 
21 / / / 60 60 
22 50 50 50 50 60 
23 100 110 / / / 
24 / / / / / 
25 / / 100 / 100 
26 80 80 / 50 20 
27 / 70 80 90 90 
Table 4.6 - Trough during flexion 
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The presence of trough at lOO� during flexion 
and abduction is analysed by Chi Square. The expected 
angle of shoulder position where a trough occurs is at 
the point where maximal compressive stress arise within 
the subacromial space. To prove if there is significant 
difference between the observed angles and the expected 
angles, Chi Square is used to test the probability of 
such occurance by chance. 
Results of such analysis indicate that the 
values of trough occurred during flexion equal to 61.73 
for flexion (P < 0.001) and 112.67 for abduction (P < 
0.001) both of which are statistically significant 
(Appendix 4.13). 
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CHAPTER V. DISCUSSION 
An epidemiological survey was conducted among 
regular sporting participants of upper arm events to 
identify subjects with undefined shoulder pain. They 
were assessed with a standardized approach to confirm 
the condition to be shoulder impingement syndrome, and 
isokinetic evaluation was carried out to gather data 
relating to different parameters such as peak torque, 
endurance ratio and total work of various shoulder 
movements. Meanwhile, the isokinetic graphic curves for 
torque testing of flexion and abduction were studied to 
locate any presence of trough. Such findings were 
compared with the results of the biomechanical study on 
fresh cadavers to evaluate if there were any correlation 
relating to the troughs identified from the Cybex II 
graphs to that of the angle of maximal compressive 
I stress. 
5.1 Epidemiological Survey 
The prevalence of shoulder problems among 
athletes of upper arm sports is very high accounting to 
43.8 percent with pain as the main complaint followed by 
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weakness and crepitation. Relating to pain in the 
shoulder during movement, the complaint is more 
pronounced in the elite group (P=0.013) with 
recreational athletes (P>0.05) coming second and full-
time participants (P>0.05)least affected. 
The results coincide with those of Sheldon 
(1972) and Richardson et al (1980) who reported that the 
causes for such pain syinptoins were "rotator cuff 
degeneration". This may be due to the fact that elite 
athletes have to strive for better performance which 
incurs certain risks. Recreational athletes may not take 
such sporting activities so seriously and the time 
involved per session is not as high thus the 
physiological demands are not stretched to their limits. 
As for the full-time participants, they are more 
experienced in all aspects and/or are on a supervisory 
level which mostly involve demonstration and training. ！ 
Again the physiological demands are not as high compared 
to the elite group. It is postulated that their 
comparatively less active role and better understanding 
in exercise physiology are the key reasons for the 
reduction in the risk of such a reactive problem. 
There are more male subjects reported with 
shoulder pain and other related problems than female in 
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this study but this is not significant statistically. 
Such findings correlate with those of Backx et al 
(1989), Collins et al (1989) and Winge et al (1989) who 
all commented that the choice of sport would be an 
significant determinant of rate and pattern of injury. 
Perhaps male athletes usually involved in events which 
have higher demand in the physical performance and 
activity time. 
Hand dominance does contribute to higher 
incidence of shoulder pain and other related problems. 
The data reflect that 106 respondents (28.5%) are 
affected on their dominant sides and 35 athletes (9.4%) 
have bilateral involvement followed by a group of 22 
subjects (5.9%) which are non-dominant sides affected. 
The repeated use of an extremity leading to 
musculoskeletal complications truly coincides with the 
comments made earlier on by Sheldon (1972), Hawkins and 
Hobeika (1983) and DeBenedette (1989) . The use of the 
dominant hand alone in racket sports and certain 
throwing events may exert maximal stress to the 
subacromial structures on the activity side and this may 
answer the reason why the dominant sides are more 
frequently affected. 
The incidence of shoulder pain and S.I.S. is 
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highest among volley ball participants (26%) followed by 
swimmers (20%) while tennis and basketball athletes both 
coining third on the list (9%) . However, results of 
analysis show that the probability is greater than five 
percent (P>0.05) indicating that the incidence is 
insignificant. 
To analyse the relation between the presence of 
warming-up exercises before activity with the occurrence 
of shoulder problems, the result reveals that the 
incidence between the nil warming-up group (42%) 
compared with the warming-up group (44%) is 
statistically insignificant (P > 0.05). The nil warming-
up group only include 31 subjects (8%) who may have 
participated in such sporting activities for leisure and 
interest thus they do not compete for top performance 
and speed. However, without adequate pre-activity 
warming-up, the chances of sustaining injuries may 
increase (Safran et al 1988, Safran et al 1989). 
On the other hand, elite athletes are usually 
more experienced in exercise physiology and training 
theories which obviously include a warming-up and 
stretching component in their programme. Not only will 
such muscular activities increase the elasticity of 
muscles and elevate the body temperature which 
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indirectly function to increase muscle blood flow and 
the speed of nervous impulses, they may also have a 
psychological effect which will mobilize the athlete 
both mentally and physically (Shellock and Prentice 
1985, Safran et al 1989). Though the incidence of 
related soft tissue injuries is low with the presence of 
warming-up activities (Karpovich and Hale 1956, Jensen 
1975), the demand of better performance and skill may 
provide the answer of an equally high prevalence of 
shoulder problems in this group of sports participants. 
Analysis of shoulder problems in regards to 
previous shoulder injuries reveal that of the 163 
respondents reported with shoulder problems 123 subjects 
(75.5%) have sustained previous shoulder injuries. The 
correlation between pevious shoulder injuries and 
shoulder pain is highly significant (P < 0.000) and the 
breakdown of data reflects that the probability of 
sustaining further musculoskeletal shoulder problems is 
twice as high if there are previous shoulder injuries. 
On the other hand, the prevalence of shoulder pain in 
the nil injury group (67.5 %) is fairly close to the 
group with previous injuries (67.5%). Nevertheless, a 
high incidence rate of sports injuries is in no way an 
indicator of impingement pain. 
I 
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From all the above findings it is anticipated 
that extrinsic factors such as nature of activity, rate 
of participation and warming up are more prone to give 
rise to shoulder problems than intrinsic factors such as 
age, sex and physical fitness. 
5.2 STANDARDIZATION OF ASSESSMENT 
In order that a standardized approach can be 
reinforced in the assessment and evaluation of patients 
with shoulder impingement syndrome, specific tests and 
various procedures are adopted to quantify the pain and 
to group the condition into different stages using a 
scoring system. The significance of such an attempt lies 
in the accurate identification of the involved structure 
which is confirmed by loca injection of anasthesia 
randomly administered to subjects undergoing the 
assessment. It reveals the appropriate stages and any 
changes in the activity pattern. Moreover it also 
provides a common language for all clinicians to 
evaluate the changes of symptoms and the responses to 
the treatment administered. 
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5.3 ISOKINETIC EVALUATION 
The results of analysis for this part of the 
study show that most parameters such as peak torque, 
peak acceleration energy and total work on the 
unaffected sides in impingement subjects and on the 
dominant sides in control subjects are significantly 
higher than the contralateral sides (P < 0.05). However, 
the reverse is true for endurance ratio in all studied 
movements in impingement subjects (P > 0.05). 
Findings from the present study do not agree 
fully with the hypothesis drawn earlier on in that the 
torque and endurance ratio are higher on the unaffected 
sides than the affected sides. It has been anticipated 
that the average torque, explosive power and total work 
of such muscular activities are all affected by the pain 
symptom leading to a drop in these parameters. However, 
in spite of pain in the dominant shoulders among 
impingement subjects, endurance ratio still remains 
unchanged for all movements. This may be due to the fact 
that endurance is closely related to the muscle 
physiology. 
Habitual physical activity for skeletal muscle 
will cause a number of physiological effects such as 
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increase in maximal oxygen uptake, increase in cardiac 
output (stroke volume), change in blood composition, 
normalization of insulin effect and increased activity 
of "aerobic" enzymes in skeletal muscles (Astrand 1988). 
Relating to endurance, Astrand (1988) emphasized that an 
individual's maxiinal aerobic power is inversely 
proportional to the capillary density in the muscle 
which increases with physical demands. Such a vicious 
cycle may lead to more effective muscle work which does 
not cause significant oxygen debt. 
With the findings elaborated above, we can 
therefore postulate that the physiology of the muscle 
fibers are developed over a period of time and are least 
disturbed by the pain symptom. The quality of 
contraction of such muscle groups in succession remain 
unaffected though each contraction may not reach its 
usual peak in terms of torque. Since the non-dominant 
sides are less frequently used, the quality of such 
muscle fibres are at a less developed state. An 
endurance test with more than twenty contractions can 
therefore reflect the true characteristic of that 
structure. 
The results of this study reveal that the motor 
performance on the dominant arms in control subjects is 
f 
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significantly higher than the non-dominant sides (P < 
0.05). 
While Brown et al (1988) found out from their 
study of baseball players that there is greater torque 
produced by the dominant arm compared with the non-
dominant side at all speeds for internal as well as 
external rotations, Connelly Maddux et al (1989) 
reported that there is no significant difference in peak 
torque between the dominant and non-dominant shoulders 
unless it is compared between the two sexes. Ivey and 
Calhun (1985) concluded from their study that no 
statistical difference is found between dominant and 
non-dominant shoulders among normal subjects. Meanwhile, 
the comment made by Burnie and Brodie (1986) that a 
deficit of 10% has to be accepted in doing bilateral 
comparison of peak torque for flexion/extension among 
non-specific healthy subjects is again different from 
the other researchers. 
We are assessing different types of individuals 
basing on various evaluation protocols the result of 
which bound to deviate from one another. Besides, the 
present study may not be a true reflection of the motor 
performance of our impingement subjects since only those 
who could complete the test at two difference speeds 
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covering the pre-determined ranges were recruited in the 
test. The behaviour in isokinetic performance for such a 
population with shoulder impingement syndrome should be 
further studied. 
5.4 BIOMECHANICAL STUDY 
This study reveals the gradual increase of 
compressive force as the arm is passively moved from the 
anatomical position towards full elevation. The angle of 
maximal stress is at/or closely near lOOO in forward 
flexion as well as in lateral abduction. A further 
increase in tension may result with internal rotation 
and decrease with external rotation. 
The pattern of compressive stress recorded is 
the summation of changes within the subacromial space as 
a result of the relative positions of the humerus and 
scapula with minimal influence by tension of the 
surrounding contractile structures. The specimens used 
have negative muscle tone and the forces generated by 
muscle contractions during active participation of the 
upper arm as in the normal situations are not available. 
With the absence of the relative force produced by the 
deltoid which may create a shearing force causing upward 
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migration of the humeral head thus causing more intense 
compression within the subacromial space, the recorded 
stress from the fresh cadavers may not be able to 
reflect the exact stress in a living subject. 
Such findings coincide with the comments made 
earlier on by Hawkins and Hobeika (1983) that 
supraspinatus tendon does not come in direct contact 
with the coracoacromial ligament at rest, however, it 
will be compressing hard against this structure when the 
shoulder is at forward flexion at 90° with internal 
rotation. 
Jarvholm et al (1988) and Thein (1989) made 
similar conclusions as Hawkins and Hobeika. However, the 
compressive forces that they reported at the shoulder 
region mainly relate to the contact forces of the 
glenohumeral joint and the force couple created by the 
neighbouring muscles. Reports on forces acting upon the 
shoulder varied among investigators and findings ranged 
from 50 percent to over 90 percent of body weight (Peat 
1986, Kerr 1987, Ellenbecker and Derscheid 1989, Simon 
and Hill 1989). 
Ciullo and Stevens (1989) in their study of 
prevention and treatment of shoulder injuries in 
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swimmers reported that "trapping" of the supraspinatus 
tendon in the subacromial space is most significant at 
about 90� of abduction with rotation giving rise to 
shoulder pain. Most possibly this is due to the fact 
that impingement is further exacerbated with the in-
turning of the humerus bringing the greater tuberosity 
more directly under the bony roof compressing the 
structures between them to a further extent. This is why 
the Empty Can Test becomes one of the effective 
assessment procedures for the identification of the 
inflamed supraspinatus tendon during which this 
structure is under maximal stress. 
This endeavor has certain shortcomings. 
Firstly, the position of the specimen during data 
collection was in supine which is quite different from 
the usual upright position at which the shoulder 
impingement subjects complain of the painful arc. The 
anatomical relations of the various structures around 
the complex plus the gravitational effect will certainly 
contribute significant variations. The position of the 
shoulder in relation to the trunk may vary between 
individual specimen although great effort has been made 
to keep these anatomical parts as identical as possible. 
Secondly, normal movement patterns are not 
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studied. Due to technical difficulties and the specimens 
used, the usual movement excursions that an athlete will 
cover are not studied. Without such actual activity of 
the upper arm in various planes at different degrees, 
the findings are by no means comparable reflections. 
Also, this study fails to register the continuous strain 
available within the subacromial space. 
Thirdly, the elasticity of muscle and tendon 
tissues in cadavers are in no way identical to those of 
live subjects and this may provide a completely 
different picture. 
One significant finding of this study is the 
maximal stress recorded at 100® in flexion and abduction 
and this correlates with the trough shown in the 
isokinetic assessment graphic sheet at or fairly near 
lOOO shoulder positions. 
It has been generally accepted that the 
contraction of a skeletal muscle is strongest at its 
middle range , that is from 60^ to 120^ in the shoulder 
complex out of about 180° that it enjoys. Muscle torque 
is building up as the arm moves into elevation. A trough 
near its peak indicates that the muscle concerned is 
unable to work to its maximal capacity as a result of 
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some factors. In the case of S.I.S. , the obvious 
assumption is pain which causes a dip during the course 
of maximal work. The pain in turn is the result of 
compression upon the inflamed structure at a point where 
the subacromial space is narrowest. 
Tendon is characterized by its ability to 
withstand high mechanical tensile stress along its 
length but is known to have poor elasticity (Abrahams 
1967) . Any tensile force applied upon it will be taken 
up primarily by the collagen structure. The amount of 
compressive stress it may withstand is questionable and 
needs further studies for verifications. At least we can 
make an assumption that when the tendon is exposed to 
high compressive stress the muscle concerned will fail 
to demonstrate its usual contractile force. The 
condition may become worse should such an increase of 
stress is applied upon the inflamed tendon. 
In the management of shoulder impingement 
syndrome we should consider the comments made by 
Bjorkenheim et al (1990) that the supraspinatus tendon 
is just part of the elevation unit of the shoulder. A 
change in the mechanical strength of this structure 
alone cannot clearly show the full clinical picture of 
such a complicated functional unit. In other words, to 
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identify the amount of stress which is likely to cause 
wear and tear of this structure and the frequency of 
exposure to such irritations that may cause the reactive 
inflammation will certainly deserve further attention 
and study along this line. 
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CHAPTER VI. CONCLUSION 
This study has been designed to seek answers 
relating to shoulder impingement syndrome among the 
local Chinese athletes. Epidemiological survey was 
conducted to investigate the prevalence of such 
condition among participants of upper limb events. A set 
of specific tests were adopted in the assessment to 
testify if such standardized approach could diagnose the 
condition accurately. Isokinetic evaluation with Cybex 
II was conducted to identify the behaviour of motor 
performance while dissection of fresh cadavers was 
carried out to evaluate the pattern of compressive 
stress upon the supraspinatus tendon during arm 
elevation. 
The prevalence of shoulder problems among 
athletes of upper arm sporting activities is over forty-
three percent with pain as the major problem. The 
incidence of shoulder impingement syndrome among local 
Chinese athletes ranks highest among volley ball 
participants. 
The format of identifying and evaluating 
subjects with impingement syndrome is very effective 
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since the conclusions drawn coincide with that of the 
diagnosing procedure of administering local anasthesia. 
Meanwhile, the use of a scoring system being a simple 
and clear expression in comparing and identifying the 
severity or changes in symptoms. 
Results of the isokinetic evaluation reveal two 
important facts. Firstly, there is significant 
difference in all movement parameters between the two 
sides among impingement subjects (P < 0.05) except 
endurance ratio of such moveinents (P > 0.05) • Meanwhile, 
endurance ratio in flexion and total work in external 
rotation of impingement subjects are significantly 
higher than control subjects who are not disturbed by 
pain. This implies that muscle power (torque) is 
affected by impingement pain whereas the ability to 
contract repeatedly (endurance) remains undisturbed. The 
reason for this may be due to the improvement in quality 
of the muscle fibre as a result of its frequent exposure 
to demand. 
Secondly, that troughs arise during 100® 
shoulder flexion and abduction in isokinetic testing of 
motor performance is supported by the bioinechanical 
study which reveals that the inability to exert the 
usual motor output has a high correlation with the 
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compressive stress that the tendon of the contracting 
muscle sustains. 
The biomechanical study on eight shoulders of 
four fresh cadavers reveal that the angle of maximal 
compressive stress within the subacromial space is lOOO 
in forward flexion and lateral elevation, increasing 
with internal rotation but decreasing with lateral 
rotation. This explains why athletes who have to use 
their arms repeatedly at and above shoulder level are 
very liable to suffer from shoulder impingement syndrome 
since this is the movement excursion that they have to 
strive during athletic participation. The increase in 
compressive load upon the supraspinatus tendon 
inevitably trigger off the inflammation process. 
It is beyond the scope of this study to 
evaluate other biomechanical behaviour of the 
supraspinatus tendon, further work is warranted to 
investigate the different types of load acting upon this 
structure during dynamic participation of activities. 
Frequency of such irritations that may lead to any 
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APPENDIX 4.10 
A C T I V I T Y S C O R E 
T h e a l l o c a t i o n of scores：-
p e r f o r m a c t i v i t y w i t h o u t d i f f i c u l t y 0 s c o r e 
p e r f o r m a c t i v i t y w i t h s o m e d i f f i c u l t y 1 s c o r e 
c a n n o t p e r f o r m t h a t p a r t i c u l a r a c t i v i t y 2 s c o r e 
I . A . D . L . - -
c o m b i n g h a i r / w a s h i n g f a c e : n o d i f f i c u l t y 0 0 0 0 
s o m e d i f f i c u l t y 1 1 1 1 
i m p o s s i b l e 2 2 2 2 
b a t h i n g : n o d i f f i c u J ty 0 0 0 0 
s o m e d i f f i c u l t y 1 i 1 丄 
i m p o s s i b l e 2 2 2 2 
d r e s s i n g : no d i f f i c u l t y 0 0 0 0 
s o m e d i f f i c u l t y 1 1 1 1 
i m p o s s i b l e 2 2 2 2 
c a r r y i n g ： n o d i f f i c u l t y 0 0 0 0 
s o m e d i f f i c u l t y 1 i 1 i 
i m p o s s i b l e 2 2 2 2 
I I . W o r k --
� 0 0 0 0 
p a i n b e f o r e / a f t e r w o r k , b u t n o t a f f e c t i n g a c t i v i t y 1 1 1 1 
p a i n d u r i n g w o r k , b u t n o t a f f e c t i n g a c t i v i t y 2 2 2 2 
p a i n d u r i n g w o r k a n d r e q u i r e s o m e a d j u s t m e n t 3 3 3 3 
p a i n s t o p p i n g f o r m w o r k / a c t i v i t y 4 4 4 4 
I I I . R e c r e a t i o n -- » 
0 0 0 0 
p a i n b e f o r e / a f t e r , b u t n o t a f f e c t i n g a c t i v i t y 1 1 1 1 
p a i n d u r i n g a c t i v i t y , b u t n o t a f f e c t i n g 2 2 2 2 
p a i n d u r i n g a c t i v i t y a n d r e q u i r e s o m e a d j u s t m e n t 3 3 3 3 
p a i n s t o p p i n g f r o m r e c r e a t i o n 4 4 4 4 
S C O R E 
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APPENDIX 4.10 
SHOULDER IMPINGEMENT ASSESSMENT FORM 
NAME ( ) AGE SEX 
叩 YSIO.NO. I.D.NO. O.P.D.NO. 
OCCUPATION FOR 一_ MONTH / YEAR 
GENERAL HEALTH 
TRAUMA ： NO CI] YRS d l WHEN 
ONSET : SUDDEN • URADUAI,匸 
RECURRENun： NO. OF HPJSODE DATE OF LAST ONE 
PREVIOUS Rx CZ] SPECIFY 





ATROPHY +ve 丨二丨 | | | | | 
SPECIFY 
PAINFUL ARC | | | | | ~ | | 1 
ABDUCTION 
FLEXION 
CREPITUS -ve I^D CHI P H | | 
+ ve • • • • 
OEDEMA +ve [ | | | | | | [ 
SPECIFY 
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• • -• I 1. - . • -, I . •一 I . • I • . ••• •丨丨 I , 
BODY CHART 
图 p a i n 
t e n d e r n e s s 
二 , M M 
/ 乂 K h h A (1 y A d 
I V1 M 1 M n f i 
SPECIFIC TESTS 
APPREHENSION TEST d ] | | | | 
BICIPITAL TENDINITIS I | | I | 
COMPLETE TEAR OF —— 
SUPRASPINATUS TENDON I | 
EMPTY CAN TEST | [ | I | [ | | 
GLENO-HUMERAL RHYTHM | I I | | | | 
IMPINGEMENT TEST I I I I I [ | [ 
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S T R E N G T H 
(Ox f o r d c l a s s i f i c a t i o n ： 0 - 5 ) 
F L E X I O N 
E X T E N S I O N 
A B D U C T I O N 
A D D U C T I O N 
I N T . R O T . 
E X T . R O T 
P H Y S I O . R x 
DEEP FRICTION F j x [ H ] x I i x [ Z 3 x 
ICE X I X L J X L J X 
I.F.T. X I I X I I X I I X 
ISOKINETIC TRAINING I x I I x | | x | | x 
PENDULAR MOVT. |~~1 x I I x I I x | | x 
S T R E T C H I N G & [ I D x I I x I I x [ H ] x 
S T R E N G T H E N I N G E X . 
S. W. D. X X X X 
T . E . N , S . X R _ X X I X 
U / S I X I X X I X 
OTHERS I I I I I I I I 
( s p e c i f y ) 
I I I I 
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I N J E C T I O N ( d a t e ) 
P H Y S I O ' S C O M M E N T S 
D R ' S C O M M E N T S 
- — — — . I - - 剛 I... • I - - • -
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APPENDIX 3.6 
Defining dominant side 
A/ Activities that require power : .^ . . 
I J (Ij) 
-pushing 
-lifting [ I I 
-carrying | | 
- u s e o f h e a v y t o o l s I 
B/ Activities that require precis ion : 
-throwing I 
- catching ZZZHZIZI 
- u s e of key / needle 1 I 一I 
-writing I j 
C/ Activities of daily living ： 
-feeding | | 
-cleaning | | ~~I 
- c o m b i n g I 
- b u t t o n i n g I I I 
If querry : use reflex 
e.g. receiving objects 
CONCLUSION: HAND DOMINANCE = 
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APPENDIX 3.7 
Pattern of load during calibration 
CALIBRATION (VOLT) 
LOAD 
(GRAM) 1ST 2 m 4ra 5TH 
220 0.71 0.67 0.69 0.72 0.65 
320 0.81 0.73 0.75 0.88 0.87 
420 0.99 0.86 0.84 0.98 1.22 
520 1.11 0.97 1.18 1.34 1.32 
620 1.30 1.18 1.37 1.43 1.41 
720 1.53 1.38 1.45 1.52 1.63 
820 1.68 1.46 1.51 1.64 1.89 
920 1.79 1.60 1.59 1.71 2.14 
1020 1.90 1.81 1.80 1.84 2.21 
1520 2.40 2.62 2.34 2.27 2.69 
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APPENDIX 3.8 
CALIBRATION OF LOAD CELL 
The Interlink Force Sensing Resistor was 
calibrated using standard weights ranged from 220 grams 
to 1520 grains with an increment of 100 grains at each 
interval. The procedure was repeated altogether five 
times and the results were analysed by multiple 
regression using the SPSS/PC package. 
Results of analysis indicate that the 
significance F is smaller than 0.0001 (F < 0.0001) and 
the graph plotted with load against volt is illustrated 





、， y Z 否 
I X z Z 2r 、 ， y z z 
X c 1.5 ^ [5 
S ？ 少 z T 
0.5 -
0 1 1 J 1 ！ I I 
0 200 400 600 800 1000 1200 1400 1600 
Weight (gram) 
• S e r i e s 1 S e r i e s 2 采 S e r i e s 3 • S e r i e s 4 X s e r i e s 5 
Table A.1 - Calibration of load cell 
Since the surface area of the load cell is 
132.7 丽2, gram is converted to newton before the 
following equation is used to convert volt to load: 
Load (N) = 5.80 * voltage (V) - 1.19 
Pressure (MPa) = 0.0437 * voltage (V) - 0.009 
NB : N = Newton (unit of force) 
MPa = Mega Pascal (unit of pressure) 
V = Volt (unit of voltage) 
Calibration indicates that this cell has a 
standard error of 102.66402 grams. 
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APPENDIX 4.1 
Format for input of isokinetic data 
CYBEX TESTING OF THE SHOULDER 
CODE : DATE : 
从卜 IE ： TEL. ： 
AGE ： < 25 cz] -<^5-40 d ] > 40 n m s£K ： M • F m 
OCCUPATION : ' 
SPORT ： 
DOMINANT SIDE ： RIGHT | | LEFT | 
AFFECTED SIDE : RIGHT I j LEFT [ | 
AFFECTF.D MOVHMKNT ： FLKX ION [ [ 
ABDUCT[ON I 
EXT. ROTATION | | 
SHOULDER UNAFFECTED/DOMINANT SIDE AFFHCTED/NON-DOMINANT SIDE 
movement' 60"/Se'E| li^ '^ /TE IBO^ SEC 
P.Tl 0。P.Ti U'^ l END I PK | TOT P.Tl (J‘.）P.TI. OH E N D P K ITOT 











Log command for analysing isokinetic data 
data list file="a:cybex-1.dat" free 
/code age sex dom affside hx flex abd extrot 
vl v2 v3 v4 v5 v6 v7 v8 v9 vlO vll vl2 vl3 
vl4 vl5 vl6 vl7 vl8 vl9 v20 v21 v22 v23 
v24 v25 v26 V27 v28 v29 v30 v31 v3 2 v33 
V34 V35 V36 V37 v38 v39 v40 v41 v42 v43 
V44 V45 V46 V 4 7 v48 v49 v50 v51 v52 v53 
v54 v55 v56 v57 v58 v59 v60. 
value labels code 1 "normal" 2 "impingement" 
/age 1 "<25" 2 "25-40" 3 ">40" 
/sex 1 "male" 2 "female" 
/dom to affside 1 "right" 2 "left" 
/hx 1 "< 6 months" 2 "6-12 months" 3 "> 12 months" 
/flex to extrot 1 "affected" 2 "unaffected". 
missing value all(9). • 
process if (code=l). 
frequencies variables=age to extrot 
/barchart. 
process if (code=2). 
frequencies variables=age to extrot 
/barchart• 
process if (code=l). 
































process if (code=2). 

















/V3 3 V38 













/variables=vl to v30. 
t-test groups=code(1,2) 




















process if (code=l). 
t-test pairs=rata with ratd 
/ratb with rate 
/rate with ratf 
/ratal with ratdl 
/ratbl with ratel 
/ratcl with ratfl 
/rati with rativ 
/ratii with ratv 
/ratiii with ratvi. 
process if (code=2). 
t-test pairs=rata with ratd 
/ratb with rate 
/rate with ratf 
/ratal with ratdl 
/ratbl with ratel 
/ratcl with ratfl 
/rati with rativ 
/ratii with ratv 
/ratiii with ratvi. 
t-test groups=code(1,2) 
/variables rata to ratvi. 
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APPENDIX 4.3 
Isokinetic performance of imp increment subjects 
M O V E M E N T X U X u - X a T-VALUE P-VALUE 
(FLEXION) ‘ 
I Z 50.7778 46.4074 4.3704 2.70 * 0.000 
』 i 。 6 8 . 2 2 2 2 7 6 . 2 9 6 3 - 8 . 0 7 4 1 - 1 . 5 7 0 . 8 3 5 
， E 14.5326 12.7304 1.8022 1.22 0.109 
T W 1498.3333 1376.0741 122.2592 1.60 * 0.000 
(EXTENSION) 
^ T 67.5926 66.7407 0.8519 0.33 * 0.000 
E R 92.5556 69.1481 23.4075 0.74 0 591 
PJ^  TAE 13.5433 13.7556 -0.2123 -0.30 * 0.000 
T W 1621.5556 1620.3704 1.1852 0.01 * 0.000 
(ABDUCTION) — 
P T 43.2963 40.4074 2.8889 2.44 * 0.000 
j R 73.8889 74.9259 -1.037 -0.19 0.199 
PK TAE 10.3169 9.8204 0.4965 0.76 * 0.017 
T W 1006.0370 1047.2963 -41.2593 -0.79 * 0.000 
(ADDUCTION) “ — 
I Z 51.4444 48.7407 2.7037 1.37 * 0.000 
E R 112.8148 243.4444 -130.6296 -0.74 0 721 
PK TAE 6.6544 6.3759 0.2785 0.50 * 0.000 
T W 1190.0000 1157.6667 32.3333 0.46 * 0.000 
(INTERNAL ROTATION) 
I T 32.8889 32.7778 0.1111 0.09 * 0.000 
E R 79.9231 80.7692 -0.8461 -0.17 0.058 
PK TAE 6.7122 6.4122 0.3 1.19 * 0.000 
T W 723.2963 630.7407 92.5556 2.84 * 0.000 
(EXTERNAL ROTATION) 
P T 21.6538 22.0769 -0.4231 -0.56 * 0.000 
E R 76.2222 290.2222 -214.0000 -0.94 0.649 
PK TAE 4.1993 4.1137 0.0856 0.39 * 0.000 
T W 410.2963 361.7778 48.5185 2.26 * 0.000 
^ = Mean of unaffected side — 
Xa = Mean of affected side 
P T = Peak Torque (Newton) 
E R = Endurance Ratio (percentage) 
PK TAE = Peak acceleration energy (Joules) 
T W = Total work (Joules) 




Isokinetic performance of control subjects 
MOVEMENT M Xn Xd-Xnt-VALUE~~P-VALUE 
(FLEXION) 
P T 52.0370 48.7407 3.2963 2.67 * 0.000 
E R 67.4074 60.4074 7.0000 3.42 * 0.021 
PK TAE 13.2977 12.8750 0.4227 1.76 * 0.000 
T W 1533.6667 1288.9259 244.7407 6.93 * 0.000 
(EXTENSION) “ 
P T 69.9259 67„0742 2.8519 1.52 * 0.000 
E R 63.7407 56.3704 7.3704 2.03 0.063 
PK TAE 14.2477 14.0796 0.1681 0.47 * 0.000 
T W 1758.7037 1477.9630 280.7407 4.94 * 0.000 
(ABDUCTION) 一 
P T 44.2963 42.4815 1.8148 1.76 * 0.000 
E R 69.1852 63.8148 5.3704 1.61 * 0.002 
PK TAE 10.4607 10.4485 0.0122 0.05 * 0.000 
T W 1099.8148 1010.0370 89.7778 3.21 * 0.000 
(ADDUCTION) 
P T 54.6296 50.1481 4.4815 2.69 * 0.000 
E R 80.4815 69.2593 11.2222 1.30 * 0.039 
PK TAE 703585 6.9870 0.3715 0.83 * 0.001 
T W 1242.4444 1099.9630 142.4815 2.31 * 0.000 
(INTERNAL ROTATION) 
P T 33.6667 32.0741 1.5926 2.15 * 0.000 
E R 75.4815 70.8148 4.6667 1.79 * 0.000 
PK TAE 5.7778 5.6415 0.1363 1.32 * 0.000 
T W 611.1481 566.1852 44.9630 2.23 * 0.000 
(EXTERNAL ROTATION) 
P T 24.0741 22.6296 1.4444 1.90 * 0.000 
E R 68.8519 61.0741 7.7778 2.07 0.090 
PK TAE 3.7544 3.3822 0.3722 1.95 * 0.000 
T W 341.1852 267.4074 73.7778 3.33 * 0.001 
M = Mean of dominant side 
Xn = Mean of nondominant side 
P T = Peak torque (Newton) 
E R = Endurance ratio (percentage) 
PK TAE =-Peak acceleration energy (Joules) 
T W = Total work (Joules) 
* = Significant difference (P < 0.05) 
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APPENDIX 4.10 
Log command for the comparison between impingement 
and control groups 
data list file="a:peterl.dat" free 
/code age sex dom affside hx flex abd extrot 
vl v2 v3 v4 v5 v6 v7 v8 v9 vlO vll vl2 vl3 
vl4 vl5 vl6 vl7 vl8 vl9 v20 v21 v22 v23 
V24 V25 v26 V27 v28 v29 v30 v31 v32 v33 
V34 V35 V36 v37 v38 V39 v40 v41 v42 v43 
V44 V45 v46 V47 v48 v49 v50 v51 v52 v53 
V54 V55 V56 V57 V58 v59 v60. 
value labels code 1 "normal" 2 "impingement" 
/age 1 "<25" 2 "25-40" 3 ">40" 
/sex 1 "male" 2 "female" 
/dom to affside 1 "right" 2 "left" 
/hx 1 "< 6 months" 2 "6-12 months" 3 "> 12 months" 
/flex to extrot 1 "affected" 2 "unaffected". 
missing value all(9999). 
process if (code=l). 
compute nl=(vl-v6)/v6 * 100• 
compute n2=(v2-v7)/v7 * 100. 
compute n3=(v3-v8)/v8 * 100• 
compute n4=(v4-v9)/v9 * 100. 
compute n5=(v5-vl0)/vl0 * 100• 
compute nll=(vll-vl6)/vl6 * 100. 
compute nl2=(vl2-vl7)/vl7 * 100• 
compute nl3=(vl3-vl8)/vl8 * 100. 
compute nl4=(vl4-vl9)/vl9 * 100. 
compute nl5=(vl5-v20)/v20 * 100• 
compute n21=(v21-v26)/v26 * 100• 
compute n22=(v22-v27)/v27 * 100• 
compute n23=(v23-v28)/v28 * 100. 
compute n24=(v24-v29)/v29 * 100. 
compute n25=(v25-v30)/v30 * 100• 
compute n31=(v31-v36)/v36 * 100• 
compute n32=(v32-v37)/v37 * 100. 
compute n33=(v3 3-v38)/v38 * 100. 
compute n34=(v34-v39)/v39 * 100. 
compute n35=(v35-v40)/v40 * 100. 
compute n41=(V41-V46)/v46 * 100. 
compute n42=(v42-v47)/v47 * 100. 
compute n43=(V43-V48)/v48 * 100. 
compute n44=(V44-V49)/v49 * 100. 
compute n45=(v45-v50)/v50 * 100. 
compute n51=(v51-v56)/v56 * 100. 
compute n52=(V52-V57)/v57 * 100. 
compute n53=(V53-V58)/v58 * 100. 
compute n54=(v54-v59)/v59 * 100. 
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compute n55=(v55-v60)/v60 * 100. 
process if (code=2). 
compute nl=(v6-vl)/vl * 100. 
compute n2=(v7-v2)/v2 * 100. 
compute n3=(v8-v3)/v3 * 100. 
compute n4=(v9-v4)/v4 * 100. 
compute n5=(vl0-v5)/v5 * 100. 
compute nll=(vl6-vll)/vll * 100. 
compute nl2=(vl7-vl2)/vl2 * 100. 
compute nl3=(vl8-vl3)/vl3 * 100. 
compute nl4=(vl9-vl4)/vl4 * 100. 
compute nl5=(v20-vl5)/vl5 * 100. 
compute n21=(v26-v21)/v21 * 100. 
compute n22=(v27-v22)/v22 * 100. 
compute n23=(v28-v23)/v23 * 100. 
compute n24=(v29-v24)/v24 * 100. 
compute n25=(v30-v25)/v25 * 100. 
compute n31=(v36-v31)/v31 * 100. 
compute n32=(v37-v32)/v32 * 100. 
compute n3 3=(v38-v3 3)/v3 3 * 100. 
compute n34=(v39-v34)/v34 * 100. 
compute n35=(v40-v35)/v35 * 100. 
compute n41=(v46-v41)/v41 * 100. 
compute n42=(v47-v42)/v42 * 100. 
compute n43=(v48-v43)/v43 * 100• 
compute n44=(V49-V44)/v44 * 100. 
compute n45=(v50-v45)/v45 * 100. 
compute n51=(v56-v51)/v51 * 100. 
compute n52=(v57-v52)/v52 * 100• 
compute n53=(v58-v53)/v53 * 100. 
compute n54=(V59-V54)/v54 * 100• 
compute n55=(v60-v55)/v55 * 100. 
t-test groups=code(1,2) 
/variables=nl to n5. 
t-test groups=code(1,2) 
/variables=nll to n55. 
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APPENDIX 4.10 
Comparison of isokinetic performance between 
impincfment subjects and control subjects 
MOVT•PARAMETERS CONTROL GP. IMPINGE.GP. C GP. 
COMPARISON •/. 2 SIDES Vs 
(P-value) (P-value) I GP. 
60O/sec P.T. 0.000 0.000 0.516 
FLEX 180O/sec P.T. 0.000 0.043 0.760 
END. RAT. 0.021 0.835 * 0.000 
PK TAE 0.000 0.109 0.897 
TOT. WORK 0.000 0.000 0.472 
60O/sec P.T. 0.000 0.000 0.488 
ABD 180O/sec P.T. 0.000 0.000 0.393 
END. RAT. 0.000 0.591 0.064 
PK TAE 0.000 0.017 0.434 
TOT. WORK 0.000 0.000 0.710 
60O/sec P.T. 0.000 0.000 0.760 
E/R 180O/sec P.T. 0.000 0.000 0.393 
END. RAT. 0.002 0.649 0.316 
PK TAE 0.000 0.000 0.095 
TOT. WORK 0.000 0.000 * 0.035 
C GP. = Control group 
I GP. = Impingement group 






•  〉,0 1—1 _ 二 • — — 
DO細術 SXOH ： right • ^ r-T .WE C=J FE现E • I 1 乙EFT I 1 AFFECTED SIDE • dtcmt i T , 
HX OP PROBLEM ： < 6/12 Q 1/2 - 1 YR I I _ ^ LEFT |___[ I 1 1/2 - 1 YR I I > 1 year AFFECTED movement . : FLEXION Q ABDUCTION 1~~, """ 
丨 1 ABDUCTION C Z 2 EXTERNAL ROTATION [ ： ： ^ 
— DOMINANT SIDE 
PEAK % NON-DOHIN-ANT SIDE 
- BW RATIO WORK RATTN PEAK % ~ b^o/sec I 180/^7；^-咖K RATIO ___-^ RATIO WORK RATIO 
p U—iO/sec_ jj^ sec 
FLEXION I ——、- L li L. 务 . 
EXTENSION ‘ 
——^ V 、J 、 . . 
FLEX/EXT Ij 
务 l % % , 
ABDUCTION J L. . 
ADDUCTION W “ n - L____L 承 免 
ABD / ADD I 1 — 
玄 I % % , 
INT. ROT. n ~ -
EXT. ROT. 
^ — — _ _ _ _ 、 . 
IR / ER L ^ ^ ~ ~ * n % % ,1 , 
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APPENDIX 4.8 
Log command for analysing body weight ratio data 
data list file="a:bwratio-2.dat" free 
/code age sex dom affside hx flex abd extrot 
vl v2 v3 v4 v5 v6 v7 v8 v9 vlO 
vll vl2 Vl3 vl4 Vl5 Vl6 Vl7 vl8 vl9 v20 
V21 V22 v23 v24 v25 v26 v27 v28 v29 v30 
V31 v32 v33 V34 v35 v36 v37 v38 v39 v40 V41 v42. 
value labels code 1 "normal" 2 "impingement" 
/age 1 "<25" 2 "25-40" 3 ">40" 
/sex 1 "male" 2 "female" 
/dom to affside 1 "right" 2 "left" 
/hx 1 "< 6 months" 2 "6-12 months" 3 "> 12 months" 
/flex to extrot 1 "affected" 2 "unaffected". 
missing value affside to extrot (9). 
select if (doin=l and sex=l). 
t-test /groups=code(1,2) 
/variables=vl to v42. 
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APPENDIX 4.9 
Format for input of biomechanical study data 
BIOMECHANICAL STUDY OF STRESS WITHIN SUBACROMIAL SPACE 
SUBJECT CODE : SEX ： MALE FEMALE 
DATE ： AGE ： SIDE : R L 
FLEXION ( with I/R ) ( with E/R ) 
QO 
Neutral 




1 6 0 � — 
ABDUCTION ( with I/R ) ( with E/R ) 








Raw data of biomechanical study 
DATA LIST FREE / trial load volt. 
BEGIN DATA. 
1 0.5 2.27 
1 1.0 2.98 
1 1.5 3.22 
1 2.0 3.52 
1 2.5 3.68 
1 3.0 3.76 
2 0.5 2.24 
2 1.0 2.82 
2 1.5 3.27 
2 2.0 3.54 
2 2.5 3.68 
2 3.0 3.80 
3 0.5 2.17 
3 1.0 2.59 
3 1.5 3.18 
3 2.0 3.42 
3 2.5 3.61 
3 3.0 3.79 
4 0.5 2.20 
4 1.0 2.66 
4 1.5 3.17 
4 2.0 3.50 
4 2.5 3.64 
4 3.0 3.78 
5 0.5 2.20 
5 1.0 2.64 
5 1,5 3.12 
5 2.0 3.44 
5 2.5 3.62 
5 3.0 3.74 
6 0.5 2.23 
6 1.0 2.77 
6 1.5 3.19 
6 2.0 3.48 
6 2.5 3.63 
6 3.0 3.76 
END DATA. 




Analysis of the incidence of maxiinal stress found at 
lOQO shoulder flexion and abduction versus 
other angles using Chi Square 
To find out if maximal stress at lOO� is 
significant comparing with other angles, Chi Square is 
used: : (o - ^ f 
O = observed incidence 
E = expected incidence 
0 40 60 80 100 120 
(degree) 
Expected incidence 4 4 4 4 4 4 
Observed incidence 
(flexion) 2 5 1 2 13 1 
(abduction) 6 0 4 4 10 0 
Chi Square value for flexion equals to 27 which 
indicates that the probability is smaller than 0.01 
(P < 0.01) while that for abduction is 18 (P < 0.01). 
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APPENDIX 4.10 
Analysis of stress in biomechanical study 
In order to estimate the true shoulder range 
(of the entire population) at which maximal compressive 
stress is exerted upon the supraspinatus tendon, a 
sample of eight shoulders from fresh cadavers were used. 
To analyse the data so collected, a confidence level of 
95% was used. The internal estimates for the true range 
of the population was constructed basing on the 
following formula: 
X + t * SD 
That is to say, the mean from the eight samples 
is used to add/minus the t-value (of 95% confidence 
level) and then multiplied by the standard deviation 
(SD = the square root of the variance). 
The SD in this case is considered to be the 
summation of individual angles with maximal stress minus 
the mean, multiplied by itself before this value is 
divided by the total number (N) minus the degree of 
freedom. 
N = 8, Degree of freedom = 8-1 = 7 
X = sample mean 
t = t-value of 95% confidence level 
t-value (95% confidence) = 2.365 
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(1) Neutral flexion : 
Xi X Xi - X (X - X)2 
100 100 0 0 
100 100 0 0 
100 100 0 0 
100 100 0 0 
100 100 0 0 
100 100 0 0 
100 100 0 0 
100 100 0 0 
( 0 ) 
since the mean (X) equals to lOOO and the 
standard deviation (SD) is 0, calculation of the range 
of maximal stress during neutral flexion can be carried 
out using the following formula: 
X + t * SD 
X 土 t = 100 土 2.365 (0) 
= 1 0 0 + 0 
Result of analysis indicates that the true 
range with maximal compressive stress for neutral 
flexion is lOO。， with 5% chances of error. 
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I 
(5) Abduction with 30 degree internal rotation : 
^ X Xi - X (X - X)2 
100 97.5 2.5 6.25 
100 97.5 2.5 6.25 
120 97.5 22.5 506.25 
100 97.5 2.5 6.25 
80 97.5 -17.5 306.25 
80 97.5 -17.5 306.25 
100 97.5 2.5 6.25 
100 97.5 2.5 6.25 
(5.3 ) 
Since the mean (X) equals to 97.5° and the 
standard deviation (SD) is 5.3), calculation of the 
range of maximal stress during flexion with 30® internal 
rotation using such a formula will be: 
SD = 5.3 
X = 97.5 
97.5 土 2.365 (5.3) 
97.5 + 12.62 
Result of analysis indicates that the true 
range with maximal compressive stress for flexion with 
30 degree internal rotation is from 84.88^ to 110.12° 
with 5% chances of error. 
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(5) Abduction with 30 degree internal rotation : 
Xi X Xi - X (X - X)2 
0 15 -15 225 
40 15 25 625 
0 15 -15 225 
0 15 -15 225 
40 15 25 625 
40 15 25 625 
0 15 -15 225 
0 15 -15 225 
(5.4 ) 
Since the mean (X) equals to 15^ and the 
standard deviation (SD) is 5.4, calculation of the range 
of maximal stress during flexion with 30^ external 
rotation using such a formula will be: 
SD = 5.4 
X = 15 
15 土 2.365 (5.4) 
15 +12.86 
Result of analysis indicates that the true 
range with maximal compressive stress for flexion with 
30 degree external rotation is from 2.14® to 27.860 with 
5% chances of error. 
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(4) Neutral abduction : 
Xi X Xi - X (X - Xi)2 
100 97.5 2.5 6.25 
100 97.5 2.5 6.25 
100 97.5 2.5 6.25 
100 97.5 2.5 6.25 
100 97.5 2.5 6.25 
100 97.5 2.5 6.25 
100 97.5 2.5 6.25 
80 97.5 -17.5 306.25 
(1.01) 
Since the mean (X) equals to 9 7 . a n d the 
standard deviation (SD) is 1.01, calculation of the 
range of maximal stress during neutral abduction using 
such a formula will be: 
SD = 1.01 
X = 97.5 
97.5 土 2.365 (1.01) 
97.5 + 2.3 
Results of analysis indicates that the true 
range with maximal compressive stress for neutral 




(5) Abduction with 30 degree internal rotation : 
Xi X Xi - X (X - X)2 
80 82.5 - 2.5 6.25 
80 82.5 - 2.5 6.25 
80 82.5 一 2.5 6.25 
60 82.5 -22.5 506.25 
100 82.5 17.5 306.25 
100 82.5 17.5 306.25 
60 82.5 -22.5 506.25 
100 82.5 17.5 306.25 
(5.52 ) 
Since the mean (X) equals to 82. and the 
standard deviation (SD) is 5.52, calculation of the 
range of maximal stress during abduction with 30O 
internal rotation using such a formula will be: 
SD = 5.52 
X = 82.5 
82.5 + 2.365 (5.52) 
82.5 + 13.05 
Result of analysis indicates that the true 
range with maximal compressive stress for abduction with 
30 degree internal rotation is from 69.45^ to 95.55° 
with 5% chances of error. 
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(5) Abduction with 30 degree internal rotation : 
Xi X Xi - X (X - X)2 
0 15 -15 225 
0 15 -15 225 
0 15 -15 225 
60 15 45 2025 
60 15 45 2025 
0 15 -15 225 
0 15 -15 225 
0 15 -15 225 
(10.91 ) 
Since the mean (X) equals to 150 and the 
standard deviation (SD) is 10.91, calculation of the 
range of maximal stress during abduction with 30O 
external rotation using such a formula will be: 
SD = 10.91 
X = 15 
15 土 2.365 (10.91) 
15 土 25 
Result of analysis indicates that the true 
range with maximal compressive stress for abduction with 
30 degree external rotation is from O � t o 40® with 5% 
chances of error. 
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As a result of studying eight shoulders from 
fresh cadavers, the following observations are obtained: 
MOVEMENT MEAN SD 
(degree) 
Flexion 100 0 
Flexion with I/R 97.5 5.3 
Flexion with /R 15 5.4 
Abduction 97.5 1.01 
bduction with I/R 82.5 5.52 
Abduction with E/R 15 io.91 
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APPENDIX 4.10 
Significance of trough during lOpo shoulder inoveinent 
To find out if the occurance of trough at lOO� 
is significant comparing with other angles, Chi Square 
is used: ^ ( O 广 2 
O = observed incidence 
E = expected incidence 




flexion 12 4 30 6 19 7 6 6 14 2 29 
abduction / 2 11 6 13 5 13 8 41 7 29 
Total number of contraction for flexion/abduction = 135 
Incidence of trough in each movement = 106 
Chi Square value for trough occured during 
flexion equals to 61.73 which indicates that the 
probability is less than 0.001 (P < 0.001) while that 
for abduction equals to 112.67 (P < 0.001). 
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